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Forge 


FORGE, properly fpeaking, is any kind of furnace, 
the heat of which is afforded by the aftion of bellows. 
The term, however, is now more particularly applied to 
the common fmith’s forge, and to the forge ufod for the 
manufadlure of bar iron. For a defeription of the Utter, 
fee Iron. 

A peculiar fpecics of forge is alfo ufed for the manufac- 
ture of (hear ftrel ; for an account of which, fee STtki.. 
The cc'innion fmith*Q forge requires bellows of different 
kinds and fizes, agrccaVjle to the nature of the work. 

The double bellows are chiefly ufed for the working of 
iron, and Tingle ones for ilecl. The double bellows arr apt 
to blow fome time after the workman takes out one of his 
irons ; and as in w'orking (feel, the heat is Icfs than that 
employed for iron, the rod of Heel, if left in the lire, 
would be often liable to be burred, as the w’orknien term it 
The finglc bellows arc, tlicrcfoie, better adapted for this 
work, bccaufe the ])lall does not continue after the w'ork- 
nian leaves the bellows. 

The fire-place is goncraily a flat hearth, nearly on a level 
with the bind, on which tiic fuel i*.. placed, which molUy 
confifts of the coaks of ].ir-coal. In fmithcry, however, 
and more particularly for tl.c working of Heel, the eoal 
fhoiild be carefully fehdrd, as free from pyrites as pofiiblc, 
as the fulpluir of that lulHlance is found to be very injurious 
to the metal. In all cafes where n elding is required, the 
fulpluir totally prevents the adhefion. Jf pyiitcs (hould by 
accident get into the lire, tlie beft means to get rid of it is 
to throw a quantity of iron- filings into the fire, which im- 
mediately takes up the fulphur. 

After the toaks liavc been ufed for fome time, the pieees 
become exceedingly fmall, and are fo light as to be blown 
away by the bellows, feparatiiig the fuel from tlie iron. 
This inconvenience is removed by taking away thefe imall 
particles from time to time. It, however, may be much 
eafier removed by a cotiirivance which is not in general ufc. 
Tins is effeded by making the bed of the hearth a grate, 
about four inches below the level of the blnfl:. The fmall 
duft, paflir.g thiough the grate upon an inclined plane, is« 
carried away, leaving nothing on the hearth but the proper 
fuel. 

In mod of thefe forges, particularly where great heat is 
required, the nozel of the bellows is not prefentiid to the 
fire. A thick irou tube is placed between the bellows and 
the fire, called the tuiron. It is funnel -fhaped at the end 
next the bellows, for the reception of the nozel of the bel- 
lows ; and has a cylindric hole, from about the middle to 


the oppofite end, a little Icfs than the apcMture at tlie iiozcl 
of the bellows. 

Before means were contrived of preventing the tuiron 
from being raifed above a certain temperature, it v/as very 
ipcedily worn out by the. heat and the oxydfct’on of the 
iron. This evil has been removed by the invention of what 
is now called the watcr-tiiiron. It confifts of fomething 
like the common tuiron, having a crooked tube paflirig 
through tlie body of it. One end of tlie tube, at fome dil- 
taiice fiom the tuiron, is infertud into the bottom of a tub, 
tilled with water ; the otlirr end coming irom the tuiron 
pafles over the top of the tub : fo that tlie cold wntci has 
conHant accefs to the body of the tuiron, wdiich the beat of 
the fire raifes into vapour. Tliis vapour pafles up the other 
tube, which condcnfing, is difeharged into the tub. By 
this means, it is evident that the tuiron can never much eic- 
oeed the heat of boding water. Tins contrivance prevents 
a much greater e^d than the dcHru6lion of the Iniron. 'I'hr 
oxyd of iron, which is conftantly formed from the heated 
iron, combining with the earthy matter of the coal, forms 
a very fufible Icoria, which, if the tuiron were not ke*t 
aool, would be apt to adhere to it, and Hep up its aper- 
ture. Th::- fcoria may be eafily difeharged through the 
grate of the hearth, which would at any rale be an iiiUTrup- 
tion to the bhH. 

The large quantity of oxygen conflantly blown into the 
fire, upon the iron, at fo high a temperature, caufe s a very 
rapid oxydat:on of the metal. Tins oxyd has force ten- 
dency to viti ificatiou, and ot^nfequeutly to prevent the iron, 
in fome meafure, from t!ic futiiie attacks of oxygen. Since, 
howevci, filex forms a veiy fufible Mtreous compound with 
the oxyd of iron, the fmith is in the habit of ufing tlie 
powder of any Hone of a fandy nature. When the iron 
becomes lu.nly of a welding ifeat, be takes it out to iirjmerfe 
it in the powdered fand. A thin fluid fubftance is imme- 
diately feen to flow over the heated furfacc, which defends the 
metal from the oxygen. In the welding of one piece of 
iron to another, the ufc of fand is highly important, and 
more particularly in welding Heel to iron. When the two 
furfaces arc brought together, the oxyd of iron, with the 
flint, is removed by reafon of its gre t fluidity. If, however, 
the oxyd were not rendered thus fluid, it would remain and 
prevent the acihefion of the furfaces. 

Lead is fouad to be very injurious to the fmith’s fire ; it 
combines with fomething on the furface of the iron^ .which 
makes it unfit for welding. Its prefence is eafily known, as 
the iron affVdied with it makes a brown mark upon the 



anvil. ‘1‘hi* Itiongcfl heat ot a forge is at about two inche* 
fiom, and a little above the apertuie of the tuiron. 

A foige IS alfo iifed by luaziers, copper friiilhs, and in 
the plated inanufa£torie8. This coiifillsof a hearth like the 
fmith's forge, and a pair of bellows. The fuel is moflly coak, 
but iometimes for particular purpofes charcoal. It is ufed 
for annealing their metal previous to working it, and alfo 
for foldering, 

Tlic forge fire is not w'ell calculated for the fiifion of 
metals, fincc the fide of the crucible nest the hlafl is liable 
to be cooled, which generally canfes it to break. The port- 
able blall furnace is however better adapted than the com- 
mon forge, as the air is introduced at bottom, like the com- 
mon air furnace. See I'uRNAt'i-. 

Forging confifts in ciranging the form of fiich malleable 
metals as may have been heated for that purpoie in the lire 
of tlic forge, by means of the hairmer and other inilia- 
meiHs tiled in fmithcry. 

Several of thefe procefles are carried on by machine! y 
w^uiked by water or fleam. In the mainiiafture of bar 
iron, very large maffes of this metal, call d blooms, are 
diawn into bais by an immenfe hammer, worked by a water 
wheel, or the lleam‘cngine. See Iron. 

Tlic fotging of fcyilies isalfo performed by fimilarpowcr, 
which by the workmen is called flvelping. Sec ScYTiit. 

Forging, however, more properly hoiongs to the foiming 
of vaiious utenfils from iron, and other malleable metals. 

The anvil, on which the metal is laid, ronfifls of a large 
mafs of wi ought iron, faced wdlh hardened Heel, ar.d 
giound fmooth on the furfiee. '^i^he kamnu'rs ai^ of tlie 
fame materials, and are of ciiffe.vnt fi/cs, agreeaide to the na- 
ture of the work. If the work is heavy, befKhsthe perfon 
w'ho ludds the fubflance to be liammcied, a fecond, and 
fometimes a third and fourth perfon llrihe in turns at the 
heated body. If the body requires to be made round, iu- 
HiHiments called areemjdoyed. Theycfmfitl of two 

maffes of iron fared with flecl, ainl haideixtl, one lying 
upon the anvil, or fulicned iniu a groove in the anvil, and 
the othei held jii (he iirii.d, by r cans of a piece of hazel 
fiick twilhd round it. In liie fact s of li t'f tlu'fe 1 \% eg,< s a 
proper li/td groove is made, 'vhn li, for lu ageing round hod.'ts, 
is a fegment of a cslmder. 'rin; body In 1 c fv\ctged heine !a’d 
upon the lowtr taic, the upp-er fua- t' i, jdaced upon i‘, on 
which a pciion firiki'S with a hirgj* lianmu-r, wiulj the body 
to be made C) lindrn'al is turned Kuiiid. A vii?'t.l\ of otn' i* 
infliuments are uled accord.uig to ihe iratute of ihewoik to 
be done. Iron admits bci.ig furged wuli gre.iti r facility 
than Heel, as it is much foftei, and can be heated to a much 
gieater he. t, wliicli Itill makes it fofter. l-ideid iion is 
generally heated to a wilding heat, in oidci that its pvirts, 
whicli are frequently loole and uncoiiiiedled, may be made 
loiiiid. 

Cl jq>er may I e forged into any fliapc, but will not bear 
more than a leJ heat, and of courfc requires to be heated 
often. The bottoms of large hoileis are fieqiiently made by 
a large forge hammer w orked by machinery. "I'iie bolts of 
copper ufed for (hips, and other purpofes, are moflly made 
by the hammer. Silver, gold, and platina will alio admit 
of forging into any form. Of the r.rmer metal, filver 
knives are made very neatly by the hammer. The heat at 
which it is w'orked fhoiild be barely that of ignition. 

It is remarkable that alloys of tlie malleable metals, 
although very malleable when cold, will not bear the ham- 
mer when heated. 

Forge is alfo ufed fora large furnace, wdicrein iron ore, 
taken out of the inirif', is melted down. 

But this is not fo properly called a forge as a f urnace ; 
which fee. 


FORGE 

Forge is m6re properly ufed for anotlicr kind of furnace 
wherein the iron ore, melted down an^l feparntecl In a foimer 
furnace, and then* call into lows and pig;’, I'l luatid ; 
and fufed over again, and beaten afterwards with huge 
hammers, and ihuti rendered more foft, pure, ductile, and 
lit for uic. 

Of thefe forges there are t'wo kinds, which iron fiic- 
ccfiively palb s tl'.mngh, before it comes to tlie Jimth. 

The lirfl is calLd the yf/i. ry, wlu re the pig'^kre worked 
into grofs iron, ami }»iepared for tin {cco;ua which is 
called the chafttSy wlure it is failLcr w’loiiglit |.)to bais fit 
for life. 

F(^ R r. Y.-riuJls . See M 1 1 L . 

For Gi - t’c/Ao;/, oYl'lylu^fut\:^r, means fuel in arrange- 
fnciil of the fevcral itiqili niei.t ' ar-d rr.ati rials, 'ceffai y for 
the eflabhlhmejit of a fnuth's forge, witiiiu ad il or wag- 
gon, as may qualify it to accompany an army dii “ing a cam- 
paign, with the fame facilit) as the feveral cariS apper- 
taiiung to tin- tiaiii of artillery. 

It vmII be imniLdiatoly undei flood, that ni contri- 
vance, and great attenlio.-j to le.ruLuiiy, are iii*i l^lf'ul to at*- 
compliili aiid jiri i-_i ve fo iflenlial a puijioie ; tl nioie fo, as 
the u hole Vv eigiit of the foi ge and Us fiqq'lieso fuel, &:c., 
fli nild not cxct -d fmif a ton wtien conveyed J \ i cait ; inw 
a whole ton wlu u earned in a waggiiu. U’iu* b'^ models to 
place the anvils andthiu liloidv . in iut h a pofiL n as to l)a- 
lance well, tint Iv) be fthly lifted in and out. J'or minor 
purpofes two or ifiice Imall anvils ni.iy be atlac d t mpo- 
rarily to tl hiiuit r tranfoin i>f the cart-boc . Tiiere 
fiiould be a watt r tuuigh, aiuriiace, and a juin »f belluw's, 
all within a fianu' id' non plate, propcnl) nvetle and clofed 
with haul lolder, fo as to be firm, and to p: J\eiit latent 
fpaiks fiom fettuig fire to tlie machine, or tt) ils contents. 
The tail-board flioulj let down to a level vr t'l |iic bottom 
of the Cart, and be liifpended in that dirt»£tioti bv flrong 
legments of non ; fo as lo h(' will tixid, iiiid tooddl pnd- 
fiire citluM- upwaids or dovvnuaids; the Tides aiouinl Ine 
luinac'' and b. Ij0\‘'s ought to be divided n.to compait- 
m< Ills foi till U'Ciption of fuel, (generally eha'-ioa!,) liif- 
i.eui.t fui 1 1 nitdii.ie f. rvice, and lor tlie aHintiuCi;! (d* nails, 
fen vv.,, c'out , it. v ; ]>ins, nuts, hoiie fhn-.s ..rd muls, 
bridle cituius, hmhd.'-. ivc., in Imall qiiantitn s, f<*that any 
thing V a. d mg lounediute repair may be fitted wiihoiil the 
Imallell tied ;. 

l.ve’v foige Hrmld carry imjileinents fufriii- i.r to employ 
forty men ; of whom two Ihonld be fne-meii, fix fled;p‘-men, 
ten light hanuiu 1 -int n, two ferew and nut-men, and the 
ri lidne, hie-meii, or vorkei s on cold metal, if the ajipa- 
ralus be Ctiriied in ii wagggoii that can contain twe» douhle 
loipes, or furnaces, douhle t In' number c f nunnuiv be cm- 
plo) cd; fm.dl anvils, in either cafe,’ as alfo viees, bung 
made to fcivw', or to hook, on to the ciuls of the ftvM.ii 
pivijediug traiifoms, and even to the naves ol tlic wheels, 
of wdiich the iron tires hecome iirefiil for li:;ht hamiher 
work. 1 he total weight of a forge-waggon, exelutive of 

its content'^, fliould never exceed 1 5 cwt. In our arfeiials 
they are made even lighter, their aver.m^e bemg. i^cwt. 
2 qrs. iplbs. Being rated with what aie railed ‘‘Park 
carii.igcs,** it is nccelfiry they flioidd conform as nemly as 
may be practicable with others of their clafs, mtd be drawn 
by the minibcr of horfes, &c. ufiuilly employed fur light 
iiiach inert. ! 

Forge for red-hot laUsy is a place wlicre t^e balls are 
made red-hot before they ate liiccl off: it is |:onflniAed 
about live or fix feet below tiie furfaee of tin? Aground, of 
llrong biick-vvork, and an iron grate, upon whilk the balls 
are laid with a larre lire muler them. 



Forth and Clyde Canal 


Forth and Clyde canaU is a navigable cut, which, con- 
lefting the rivers Forth and Clyde, forms a jun6tioii between 
the German ocean and the IiiHi fea. The utility of con- 
joining large rivers, for the purpofe of extending their navi- 
gation, midl be obvious to every reflefting mind, and in no 
inftance did the geographical features of the country, and 
the circurnftances which imperioufly called for the execu- 
tion of fuch a work, appear more linking than in this "I^hc 
tw'o rivers appeared to look with wifliful eyes towards each 
•ther, and a natural palfage pi^fented itfelf through the 
moiintauis for conducting the union canal. Previous to 
this being made, the trade of tliib pofleffed no channel w’itli 
the otl^r fide of the iflaiul, but by irnmenfe maritime dif- 
tance roundthe Land's End ; or by the Icfs circuitous route, 
but dangerous paflagcof Pentland frith. Such an idea was 
conceived fo early as the reign of Charles II., and the 
fchelne met with fomc confideration ; but that was not an 
age for this kind of national improvement. It then lay 
dormant till the year I 723, when a furvey was made of the 
line of country by Mr. Gordon ; llill the undei taking was 
declined by the confideration of the expcncc. It was again 
revived in 1762; and a furvey made by a Mr. Mackell,and 
another by Mr. Smeaton in From thefe lurveys the 

pradllcability of the plan w as afeertained, but its eligibility 
was yet quellioiicd on the ground of tlie ellimatcd expence, 
eighty thoufand pounds. In the mean while a fmaller canal was 
rojcdled to extend from Glafgow to the Forth; parliament, 
owever, refufed to fanftion the fcheme on account of the 
fmalliiefs of the fcalc. Mr. Smeaton was then called in 
again to make a furvey and eftimate for cutting a eand, of 
fuch a breadth and depth, as would admit coafting veflelt 
to pafs from fea to lea. A fublcription was accordingly 
opened, a hill obtained for leave to execute the plan, and 
the whole being placed under the diredlion of the able en-^ 
gineer who furveyed the ground, llie undertaking com-» 
mcnccd on July 10, 1768. After expending 150,000/. and 
overcoming dimculties which feemed at liift infurmountable^ 
it w^as rendered navigable as far as Stockingheld, where 
a branch, called Monklaivd, extends to the collieries to the 
call of Glafgow. The fubfeription and an additional loan 
having been exhaufted, the work was here Hopped, and in 
this Hate it remained till the year 1784, when the company, 
having obtained 50,000/. by forfeited eftates, and an aft of 
parliameiU for vary’ing the line, Mr. Robert Whitworth, being 
appointed engineer, began to profccute with great vigour 
and effctfl the further execution of the original plan. On 
the 28th of July, 179^> this irnmenfe undertaking was com- 


pacted, and the navigation opened from fea to fea. Thus> 
with the aid of the collateral braueli, a communication is 
formed betw'cen the great emporium of the north, Glafgow^,, 
and both Tides of the illand. Tlie whole length of the 
canal is thirty-tive miles from the mouth of the river Carron> 
to Dulmorcburn-fool, on the banks of the Clyde ; rifing 
and falling 160 feet, by means of 39 locks. In its courle 
it paffeo over rtickn, through precipices, deep mofles, over 
qiuck-faiids, and in places is guarded by banks twenty feet 
high; croiles two cOnfiderable rivers, tlic Kelvin, and Lug- 
gie, with numerous rivulets and H reams, by lo large, 
and 33 fmaller aquedudls or water bridges. That over 
the Jorrner river is a grand object, confiding of feveral 
arches, the centre oiie of w’hich is 90 feet, forming an 
; rcadc 420 in the fpan in length, and 65 feet high. Various 
roads alio travel fe the caiuil by the aid of 33 draw-bridges. 
The dimeiifions of it, though greatly contrafted from the 
original defign, are far fuperior to any work of the kind in 
South IJritam. The Knglidi canals arc in general from 
three to five feet deep ; from 20 to 30 feet wide ; and the 
lock gates from ten to twudve feet ; fiifhciently capacious 
however to aiilwer the purpofes of inland carriage, from 
one town to another, for which they were exclufively de- 
figned. The following particulars will enable the readei; 


to iiidilule a comparifon. 

Feet. 

The medium width of tine furface 56 

Do. of the bottom - - 27 

Depth on the average from fea to fea 8 

The fall of each of the 39 locks B 

The breadth of each lock - 20 

The length of do. between the gates 74 


The contrivance for fiupplyinuj the canal with water was 
alone a difficult and arduous undertaking. No lefs than fix 
refervoirs wine found expedient ; one near Kylfith covers a 
furface of 50 acres of land ; another confids of 70 ; and the 
whole occupy about 409, containing by meafurement 
12,679 lockfulls of water. The expence of the whole con- 
cern amounted to 300,000/. The toll for the whole line is 
5 j. io//. per ton ; againfl this is to be placed fafety, time 
gained in palling from coad to coad ; and the difference in 
iiifurance, that ufually in time of war being in coading it 
from 15/. to 20/ ; and by the canal, 5/. Phillips’s General 
Hidory of Inland Navigation, and Sinclair’s General 
Statidical Account of Scotland. 
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FOUNDERy» or Foundry, the art of molting and 
calling all iorts of metals ; particularly* brafs, iron, bell- 
mclal, See. The word is alfo ufed for a place, or work* 
houfe, furniflied with furnaces, or forges for this purpofe. 
A foundery, in the iron manulaifure, is almoft always con* 
Defied with the blaft furnace where the metal is fmelted 
fiorn the ore; from this circiiinflancc we fo frequently hud 
the fmelting furnace and its appendages termed a foundery, 
tlioiigh in reality the word fliould be confitu’d to the build- 
ing for calling up the metal manufaftiin-d at the former; 
it is there termed the calling-houfe, (fee tlie article Blast 
furnace.) The calling-houlc, or foundery, is fituatcd on 
one of the fides of tlie furnace, the furface of its ground 
about two fert btlow the !«. vel of ihe bottom (»f the hearth 
of the furnace. The floor of the foiindeiy fhould be about 
ten feet deep, with the loamy fand, as mentioned in the 
article Casting, ofvvhich tlie moulds are formed; this is for 
the convenience of burying large moulds beneath the fur- 
face, fo that the metal may be conveyed into them by fmali 
channels or foughs hollowed out in the land. A moft im- 
portant circumfUnce to be attended to is, that the foun- 
dery is well drained of winter, as any darnpnefs in moulds 
would produce the fatal explofions by tlie fudden cxpanfion 
of the fleam. When the hot metal is iritrodiiceil into a wet 
mould, many ferious accidents have arifea from a want of 
attention to this very neceffary circumflance ; in fuch a cafe, 
the moulds are Liirit afunder, the ground torn up, and the 
fluid metal thrown in every diredion amongfl the workmen, 
occafioning as much damage from its projcdtile force, as 
from its great heat, to tliofe on whom it falls. Flvery 
foundery U furniflied with a crane, or fometimes two, placed 
fo as to command the wdiole for the convenience of taking 
up and removing heavy pieces of calling from any part of 
the place. At Buttlerby iron works, Derby Ihirc, we noticed 
an excellent crane for a foundery ; the pulley from which the 
goods are fufpeuded is not fixed to the end of the gib, but 


Hided upon it by means of a rack moved by a Jimon, which 
can be turned with eafe by the workman, fo ai to give the 
ciane any range witliiu its reach ; and it can talt up weights 
as well a: fix feet from the centre as at ten, v|liich renders 
it a raoft ufeful implement in fuch a litiiatia»i, where the 
crane is fri'qnently iil'cd to lower down moulds Upon one an- 
other in a perpendicular dirediion, as mentioned in the article 
Casting. 

The mod complete founderies are provided v itli two or 
more air or reverberating furnaces, (fee Furnac. ,'jin which 
the metal is mcltid occafionally, either when the metal con- 
tained in the blad furnace is not fufiieient, or wlieii the qua- 
lity of the metal made there is not proper for calling, owing 
to its containing too much or too little carbon, and it re- 
quires mixing with better or vvorfe metal to render it ht for 
the puipofr. 

They have alfo two or three cupolas, or fmall blaft fur- 
naces, to melt fmall quantities of metal, particularly when 
it is wanted in hullc, as the reverberatories are much longer 
in filling their charge of metal, though it is in greater quan- 
tity; but the latter docs not fo wtII anfw'cr the purpoles of 
the iron founder, bec aufe it would require fo great a llock 
of flallcs and implements to make moulds to receive a large 
quantity of metal ; for this rcafon they feldom employ the 
reverberatory but fur large articles which require the whole 
charge ; fmaller goods are call from the cupolat. 

Ill the foundery of a blall furnace, a pit is funk at a 
convenient diftance from the furnace, and the moulds for 
pipes, and other fimilar articles, are placed vertically in it, 
within reach of the crane ; the metal is conveye4 hy gutters 
or foughs from the furnace, and a fmall iron though, filled 
with fand, leads the fluid metal into each of |he moulds ; 
thefe are a confiderable improvement on the o||p method of 
burying them in the fand, in the faving of labour and time; 
the flalks are made of caft iron for the purpofel 

It haa of late become a pradlice at our milt extenfive 
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founderies, to fubftitute fand for loam caftiiigs in many cafes 
where a great number of articles of one kind are to he c 'ill, 
fo that the expence of the Ihiflcs is not an obje(^t of im- 
portance ; where the articles are intricate, the land is wet- 
ted fo much to p-ndcr it fufficicntly adlicfive, that it is ne- 
ceflhry to dry the moulds to avoid the danger of an cxplo- 
lion: for this purpofe large Itoves are ufed, and carriages 
adapted, on which to convey a great number of moulds into 
the Hove at once, and when fulTiciently dry, which gene- 
rally happens in about half an hour, they arc withdrawn, 
and a new let placed on the carriage. 

A foundery is generally provided with a boring-mill for 
forming the internal furface of tlie cylinders call for fleam- 
engines, &c. (fee Cylinder bonn^)^ and the fame in.irhin- 
cry turns large lathes, for turning heavy mill axes, pillous, 
rollers for fiigar-rniils, and laminating rollers; the fame mill 
gives motion to all ihefe, and alfo blows the cupolas, 
though at a blaft-furnacc theft* aie fiipplied by a finall pipe 
from the great blowing-engine for the furnace. 

Foundery of /mail war Is, or the manner of cajl'ing tn 
fand , — The fand ufed by the founders, in cafling brafs. See. 
is yellowifli, and pretty foft ; but, after it has been ufed, 
it becomes quite black, bccaufe of the cliarcoal-dull ufed 
in the moulds. Every time they would ufc this fand, they 
work and tew it, fcveral times over, on a board about a 
foot fquare, placed over a kind of trunk, or box, into 
which it may fall from off the board, '['his tewing is per- 
formed with a roller, or cylinder, about two feet long, and 
two inches in diameter; and a kind of knife, made of the 
blade of a fvvord ; with thefe two in liniments they alter- 
nately roll and cut the fand ; and, at length, turn it down 
into the box or trough underneath. 

Then, taking a wooden board, or table, of a length and 
breadth proportional to tin* quantity ol things to be call; 
round this they put a frame or ledge ; and thus make a 
fort of mould. This mould they till with the fand before 
prepared, and moderately moillcncd : which done, they 
take wooden, or metalline models, or patterns of ^he things 
intended to be caR : apply them on the mould, and prefs 
them down in tlic fand, fo as to leave their form iadenled ; 
along the middle of the mould is laid half a little cylinder 
<'f brafs, which is to be the maRcr jet, or canal for running 
the metal ; being fo difpofed, as to touch tiic ledge on one 
fide, and only to re.icli to the laR jiattern on the other: 
iiom this are placed feveval IcfTer j'-ts or branches, reaching 
to each paitern, whereby the metal is conveyed tlirough the 
whole frame. 

I'iiis HrR frame being thus liniRied, they turn it iipfidc 
down, to take out the pattern horn the fand; in order to 
which, they hrft loofen them a little all round, with a frnall 
cutting inRrumeul. 

After the fame manner they proceed to woik the coiiii- 
terpart, or other half of the mould, with the fame patterns, 
in a frame exa£lly like the former; excepting that it has 
pins, which, entering holes con*t*fpondiiig thereto in the 
other, 'make, when the two arc joined together, the two 
cavities of the pattern fall exadlly on each other. 

The frame, being thus moulded, is carried to the found- 
er, or melter ; who, after enlarging the principal jet, or 
canal, of the counter-part, wuth a kind of knife, adding 
tlie crofs jets, or canals, to the fevcral patterns in both, 
and fprinkling them over with mill-duR, fets them to dry 
ill an oven. 

When both parts of the mould are fuflicicntly dried, 
they join them together, by means of the pins ; and to pre- 
vent their ftarting, or flipping afide, by the force of the 
metal, which is to come m naming hot, through a hole 


contrived at the maRer-jet, th'^y lock them in a kind of 
piefs, either wiih fciews; or if the mould be too big for 
this, with wedges. The moulds, thus put in the prefs, 
are ranged near tiic furnace, to be in readinefa to receive 
the m tal as it comes out of the enr hie. 

While the moulds are thus preparing, the metal is put 
in fufion in an earthen crucible, about ten inches high, and 
four iu diameter. 

The furnace wherein the fufion is made is much like 
tin- Imiilds forge ; having, like that, a chimney, to carry 
Oil tin. frnokc ; a pair of bellows to blow up the fire; and 
a hearth where tlie fire is made, and the crucible placed. 
It is the life of this hearth, that chiefly diRingiiiflics the 
furnace from tiic forge. 

In the middle thcieof is a fquare cavity, ten or twelve 
inches wide, which goes to the very bottom : it is divided 
into two, by an iron grate : the upper partition ferves to 
hold the crucible, and the fuel, and the lower to receive the 
alhes. 

When the fuel, which is to be of dry w’ood, is pretty 
well lighted, they put the crucible full of metal in ilie 
middle, and cover it with an earthen lid ; and, to incrcafe 
the force of the lire, btfides blowing it up with the bel- 
lows, they lay a tile over part of the apoiturc or cavity of 
the furnace. 

The metal firR put in being brought to a fufion, they 
fill the crucible wdth pieces of brafs beaten in a mortar ; to 
put theii'i in they make ufe of a kind of iron ladle, with a 
long fliank at the end thereof, formed into a kind of hollow 
cylinder, out of which the piece is dropped. 

Nothing nov/ remains, but for the founder to take the 
crucible out of the hre, and carry it in a pair of iron tougr, 
(w'hofe feet are bent, the better to embrace the top of the 
crucible) to the mould ; into which he pours the melted 
metal, through the hole anfwcring to tlie nudler-jct of 
each mould. 

Thus he goes fucceflivcly, from one to another, till his 
crucible is Emptied, or there is not matter enough left for 
anotlicr mould. 

Then caRing cold water on the moulds, they take the 
frames out of the prclTes, and the caR w^orks out of the 
fand ; w'hicli afterwards they w^ork again, for another 
caRing. LaRly, they cut off the jets, or caRs, and fell 
or deliver the work to tliofe who hefpoke it, without any 
fartlicr rcpaiiing. See Brass and Casting. 

Foundfry of Jlalucs, great ns, and bells . — The art of 
cafling flatues in hiafs is very ancient ; infonuich that its 
oiigin was loo remote and obfeure even for the refearch of 
Pliiiy ; an author admirably flcillcd at difeovering the inven- 
tors of other a.TS. 

All we can learn for certain is, that it was praflifed, in 
all its perfei^tion, firR among the Greeks ; and afterwards 
among the Romans ; and that the number of their Ratues 
confccratcd to their gods and heroes furpaffed all belief. 
Sec Statuf. 

The finglc cities of Athens, Delphos, Rhodes, &c. had 
each three thoufand Rallies; and Marcus Seamus alone, 
though only ;edile, adorned the circUs with no lefs than 
thrt*e thoufand Ratnes of brafs, for the time of the Cir- 
cerifian games. This taRe for Ratues w*as finally carried 
to fuch a pitch, that il became a proverb, that in Rome 
the people of brafs were not Icfs numerous than the Ro- 
man people. 

Among us, the caRing of Ratues was but little known or 
pra^lifed before the feventeenth century. 

As to the cajiiug of guns, it is quite modem ; and it were 
perhaps to be wiRied, we were us ignorant of it as the 



ancients^. All awtliori agroe, that the firft caanon were caft. 
ill tlie fourteenth century ; thou|rh ionic affix the event to 
ifie year 1338, and otfiers to 1380. i)ee Cawnon and 

(jrU'N S TRY. 

'L'he nijiing of lu lls n of a mi^UlIe fiandinjr, between the 
other two. U'hc life of bells is ceiiciluly very ancient in 
the weilern clturch ; and the fimc wcie Iikcwife once ufed 
in llie church of the calf, but, at pn lent, F. Vanfleb 
ailun.tj ns, in liia fccond account oi F;^ypt, he liad found 
tut one bell in all the eallcni claireh, and chat in a monaf- 
tcry in the Upper K^ypt. Sec llti.L. 

The matter of thele large woiks is rarely any frnplc me- 
tal, but commonly a mixture of icveral. We fliaJl here 
give the procefs in the fouiidery of each. 

Method of cajliti;^ ffalues of fi^vres* See Brok 'i b. 

There arc three things chiefly required in calling of fta- 
tues, bulls, bafl*o-relievos, vafes, and other works of fcuJp- 
tiire : W-s. the mould, the wax, and lliell, or coat. The 
inner mould, or core (thus called from c&uvy as being in 
tlic heart or middle of the llatuc), is a rude lumpifh hgurc, 
to wliich 18 given the attitudes and contours of the llatue 
intended ; it is ralfed on an iron grate, lining enough to 
liiflain it ; ;‘.id is flrengthened vvithiuride by ieveial bais, 
or ribs of iron. 

It may 'bo made at the difcrctlon of the woikmen ; of 
potters’ clay, mixed up witli hoi lo-duiig aitd hair; or of 
plafter of Paiis, mixed with line hrick-dull. 

'Fhe life of the core in flatues la to fupport the wax and 
fliell, to leflen the weight, and to favc metal. In Ik lls it 
takes up all the inlide, and prelerves the fpace vacant 
where the clapper is hung. I,n great guns it forms tlic 
W’hole cbacc, from the mouth to the bn'cdi : and, in 
mortars, the chace and chamber. The iron bars and the 
core are taken out of the brafs ligure, .through an aperture 
left in it, which is afterwards foldered up ; but it iRneceffary 
;to leave fome of the iron bars of the core that contribute 
to the llcadmefs of the projeduig parts, within the biiifs 
figure. 

The wax is a reprcfentntlon of the intended flatne. If 
it be a piece of fcnlptui'e, the wax mull be all of the fcnlp- 
tor*8 own hand, who iifually fafliions it on the core itfelf ; 
though it may be wrought feparately in cavities, moulded, 
or formed, on a model, and afterwards difpofed and ar- 
ranged on the nbs of iron over the jjrate, as before, filling 
the vacant fpace in the middlvi with liquid plallcr and 
brick-duft ; by which means tlie inner mould, or core, 
•is formed in proportion as tlic fculptor canies on the 
wax. 

When the wax (which is to be of the intended thicknefs 
of the metal) is fiuiflicd, they fix little waxen tubes perpen- 
dicularly to it, from top to bottom ; to ferve, both as jets, 
for the conveyance of the metal to all parts of ihe wOik : 
and as vent holes, to give pafTage to the air, which would, 
otherwife, occafioii great diforder, when the hot metal 
came to oncompafs it. By the weight of tiie wax uf d 
herein, is that of the metal adjufled ; ten pounds of this 
laft being the proportion to one pound of the former. 
The work brought thus far, wants nothing but to be co- 
vered whth its fliell ; wdiich is a kind of coat, or criill, 
laid over the wax : and which, being of a foft matter, 
and even, at fill, liquid, cafily takes and preferves the 
imprelfion of every pait thereof; which it afterwards 
communicates to the metal, upon its taking the place of 
the wax, between the (hell and the core. The matter of 
this outer mould, or flicll, is vaiicd according as different 
layers, or llrata are applied. The lirft is a compofition of 
clay, and old white crucibles^ well ground and iiitcdi and 
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mixedupwith water, to the conflllcnrcor a colour fit for pai. a • 
ing ; accordingly, they apply it with a pencil, l|yingii Icveu 
or eight times over, letting it dry between tfce intervals. 
For the fecond impreflion, they add hories* dunt and natUKil 
earth to the former compolition. The third Itipreffion is 
only horfcb’ dung and earth. L.aflly« the fliej is linifl^^ed 
by la) ing oil levcral more impicfiioiis of this 3 a ft niutieiv 
made very thick w'ith the hand. 

The fliell. thus liniflicd, is fecureJ and ftreigthened by 
fcveral b.uids, or girts of iron, w'oui d around it at bait a 
foot'j diftance from one another, and fallened at bottom 
to the grate under the ftatue ; and at the top ^ a circle ot 
iron, where they all terminate. 

Here it muft be obferved, that if the ftatuij he fo big, 
that it would not be cafy to move the mj ulds, when 
thus provided, it mull be wrought on the fpot whcie it is 
to be caft. 

This is performed tw'o w^ays ; in the firft, a| fquare hole 
is dug inider-gioiind, much bigger than the ituld 10 he 
made therein, and its infldes lined with walls ^ freeftone, 
or brick. At the bottom is made a hole, of tj e fame ma- 
terials, with a kind of furnace, having its atrtiirc out- 
wards : in this is a fire to be lighted, to dry Mlie mould ; 
and afterwards, to melt the wax. Over thil furnace is 
placed the grate ; and on this the mould, &(1 framed as 
before explained. I^aflly, at one of the edges A the fquare 
pit is made another large furnace, to melt tip metal, as 
hereafter mentioned. 

In the oiluT way, it is fufficient to work the n|nuld above- 
ground ; but wuili the fame precaution of a i rnace, and 
grate, underncatli : when finjfticd, four walls a to be run 
up round it : and, by the fide thereof, a mafii^ made, for 
a melting furnace. For the reft, the method ia the fame in 
both. The mould being finiflied, ard incln ^d hi tween 
four walls, whether under-ground, or above it, fa moderate 
fire is lighted in the furnace under it, and tin- Bt>le covered 
with planks, that the wax may melt gently di^frn, and run 
out at pipes contrived for the purpofe, at the foot of the 
mould ; which are afterwards very cxadtly doled willi earth, 
as loon as all the wax is carried oft'. 

Tins done, the hole is frllcd up with bricks thrown in at 
random, and the fire in the furnace is augmented till fuck 
time as both the bricks and the mould become red-hot ; 
w'hich ordinarily happens in twenty -four hours. Then, the 
lire being extinguilhcd, and every thing cold again, they 
take out the bricks, and fill up their place with earth, 
inoiftcned, and a little beaten, to the top of tlic mould, in 
order to make it the more linn and fteady. 

Things being in this condition, there remains nothing 
but to melt the metal, and niu it into the mould ; this is 
the office of the furnace above, which is made m manner 
of an <^ver, with three apertures ; one to put in the w'ood ; 
another foi a vlmU ; and a third to run the metal out at. 
Fiom this lull aperture, which is kept very dofe whilft the 
mrtui is in fufioii, a little tube or canal is kiid, whefeby the 
melted metal is conveyed into a large earthen bafoii over 
the mould; into the bottom of which all the big branches 
i'kf the jets, or calls, which arc to carry the metal into all 
the pans of tlic mould, are inferted. 

It muft be added, that thefe jets are all tetlninated, or 
ftopped with a kind of plugs, which are kept clofe, that 
upon opening the furnace the brafs, wliicli gullies out like 
a torrent of tire, may not enter any of them tii the bafou 
be full enough of matter to run into them sH at once ; 
upon whi«^i occalion they pull out the plugs, which are 
long iron rods, with a head at one end, capaw of filling 
the whole diAinctet of each tube. The hole off the furnace 
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is opened with a long piece of iron, fitted at the end of a 
pole ; and Uie mould is then filled in an iiillant. The work 
js now finiflicd, at Icall fo much as belongs to tlie cafting, 
the reft being the fculptor’s or carver’s bulinefs ; who, 
taking the figure out of the mould and earth with which it 
is encompafted, faws off the jets, wherewith it appears 
covered over ; and repairs it, with inlliuments proper to his 
art ; as chiffels, gravers, puncheor.s, &c. 

The munTier of cajlin^ hells. — Wliat lias been hitherto 
(hewn of the calling of ftatucs, holds, in proportion, of 
the cafting of bells ; that which is particular in thefe latter 
is as follows ; firtt, then, the metal is different ; there being 
no tin in the metal of ftatucs, but no lefs than a lifth part 
of tin in that of bells. ^Secondly, the dimeiilious of the 
core, and the wax of bells, efpecially if it be a ring of 
feveral bells that is to be call, are not left to chance, or the 
caprice of the workman ; but mult be raeafnred, on a kind 
of fcale, or diapafon ; which gives the height, aperture, 
and thicknefs, neceffary for the feveral tones required. 

It need not be added, that it is on the wax that the feve- 
ral mouldiiigs and other ornaments, and inferiptions, to be 
reprefenUd in relievo, on the out fide of the bell, arc 
formed. The clapper, or longue, is not pioperly a part 
of the bell, but is lunhlhed from other hands. In Europe*, 
it is ufually of iron, with a large knob al the extreme ; and 
is fiifpended in the middle of the bell. In China, it is only 
a iiuge wooden mallet, ftruck by force of arm againft the 
bell ; whence they can have hut little of that confonancy, 
fo much admired in forne of our rings of bells. The Chi- 
nefe have an extraordinary way of increaling the found of 
their b<‘lls ; by leaving a hole under the cannon ; which 
our bell'foiiiulers would reckon a defedl. 

The proportions of our bells differ very much from thofe 
of the Chinefc. In our’s, llie modern propoition.s arc, to 
make the diameter fifteen times the thicknefs of the brim, 
und the height twelve limes The paits of a bell are, 
I. The founding bow, terminated by an inferior circle, 
which grovvs thinner and ihiniier. 2. 'Iffie bnrn or that 
part of a bell whereon the clapper ftrikes, and which is 
thicker than the reft, 3. Tiie outward finking of the 
middle of the bell, or the point under which it grows wider 
to the brim, 4. The vvaifl or funiitiirc, and the part that 
grovvs wider ami thicker quite to the brim. 5 The upper vafe, 
or that part which is above the waift. 6. The pallet wliich 
iupports the Itaple of the clapper within. 7. The bent and 
luillowcd brai4clies of metal uniting with the cannons, to re- 
ceive the iron key«» whereby the bell is hung up to the 
Learn which is its fupport and counterpoife, wiien rung out. 
The bulinefs of bcll-foundery is reducible to three paiticu- 
lars. I, Ti'he proportion of a bell. 2. 'I'lic forming of the 
mould. And, j. The melting of the nielal. Tliere are 
two kinds of proportions, v/z. the iimple and the lelative; 
the former are thofe proportions only that are between the 
feveral parts of a bell to render it fonoroiis ; the i dative pro- 
portions eftablifti a requilite harmony between feveraj bells. 
The method of forming the profile of a bell, prcvioiifly to its 
being caft, in which the proportion of the feveral parts may 
be feen, is as follows: the thicknefs of the brim, C i (fee 
jPhj/e XV. Mfcellan. Jig. i.) is the foundation of every 
other meafurc, and is divided into three equal parts. Firft, 
draw the line H D, which reprefents the diameter ot the 
hell ; bi frdL it in F and eredl the pe’^pendicular F f ; let D F 
and H F be alfo bifcdled in E and G, and two other per- 
pendicular s, Et', G a, be ercdlcd at E and G : GE will 
be the diameter of the top or upper vafe, /. r. the dfametcr 
pf the top will be lialf that of the bell ; and it will, there- 
fore, be the diameter ot the bell which will fouud an oc- 


tave to the other. Divide the diameter of the bell or the 
line H D into filteen equal parts, and one of thefe will give 
C I the thicknefs of the brim ; divide again each of tliefe 
fifteen equal parts into three other equal parts, and then 
form a fcalc. From this fcale take twelve of the larger di- 
vifions, or of the whole fcale in the compafs, and fetting 
one leg in D deferibe an arc to cut the line E d in N, draw 
N D, and divide this line into twelve equal parts ; at the 
point I crcdl the perpendicular i C = 10, and C i will be 
tlie thicknefs of tiu* brim == f - of the diameter: draw the 
line Cl) : bifecl I) N and at tlie point of bifedion ereft 
the perpendicular 6 K = i- of the larger diviiions 011 the 
fcale. With an opening of the compals equal to twice the 
length of the fcale or thirty brims, fetting one leg in N, 
deferibe an arc of a circle, and with the fame leg in K and 
the fame opening deferibe another arc to interfed the former: 
on this point of interfedlion, as a centre, and with a radius 
equal to thirty brims, deferibe the arc N K ; in 6 K pro- 
duced take K B \ of the larger rneafiire of the fcale or i 
of the brim, and on the fame centre with the radius 30V 
brims deferibe an arc A B parallel to N K. For the arc 
B C, take twelve divilioiis of the fcalc or twelve brims in the 
compafs, find a centre, and from that centre, with this 
opening, deferibe the arc B C, in the lame manner as N 1 C 
or A B was deferibed. 7 'iiere are various ways of defenb- 
ing the arc K p ; forne deferibe it on a centre at the dillancc 
of nine brims from the points p and K ; others, as it is done 
in the figure, on a centre at the dillance only of fcv<‘n bums 
from thofe points. But it is neceffaiy firll to find the point 
p, and to determine the rounding of the bell p i. For this 
purpofe, on the point C as a centre and with the radius C 1 
deferibe the arc i p n ; bifed the part i, 2 of the line D n, 
and ereding the perpendicular p m, tins perpendicular will 
cut the arc i p n in m, winch terminates th(j rounding J p. 
Some founders make the bendings K a third of a brim lov^’er 
than tlie middle of the line D N ; others make the pai t 
C I D more acute, and inllead of making C 1 perpendicular 
to J) N at I, draw it J^lh of a brim higlier, making it ft ill 
equal to one brim ; fo that the line i 1) is longer than the 
brim C I. In order to trace out the top-part N take in 
the compafs eight divifions of the fcale or eight brims, and 
on llic points N and 1 ), as centres, deferibe arcs to iuterfed 
each other in 8 ; on this point 8, wifeh a radius of eight 
brims, deferibe the arc N b ; tins arc will be the extenor 
curve of the top or crown ; on the fame point 8, as a centre 
and with a radius equal to 7^ brims, delcnbe the aic Ac, 
and this will be tlie interior curve of the crown, and its 
whole thicknefs will he one-lhird of llic bum. As the point 
8 dt)es not fall in the axis of the bill, a eentre M n ay be 
found in the axis by defcribing, with the interval of eiglit 
brims on the centies 1) and H, arcs wfiicli will inlerlK^t m 
M ; and this point may be maile the centre of tlie iinn r and 
outer curves of the ciown, as before. The tliicknefs of the 
cap which llrengthi'ns the crown at Q is about oric-third of 
the tliickneft, of the brim ; and the hollow branches or ears 
about one-fixth of the diameter of the bell. The hei }.ht of 
the bell is in proportion to its diameter as twelve to lifteen, 
or in the propoition of the fundamental found to its third 
major ; whence it follows that the found of a bell is princi- 
pally compofed of the found of its extremity or brim, as a 
fundamental, of the found of the crown which is an odave 
to it, and of that of the height which is a third. Encyclo- 
pedic, Alt. Clochk. See Bell. 

The particulates iieccffaiy for making the mould of a bell 
are, 1. The eaith : the moft cohefive is tne bed ; it mult 
be well ground and fifted, to prevent any chinks. 2. Brick- 
ftone; whirh muft h<f ufed for the HHUC, mOttldi Cr 
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and for the furnace. 3. Jlorfe dung, hair, and hemp, 
mixed with the earth, to render the cement more binding. 
4. The wax for inferiptions, coats of arms, &c. 5. The 

tallow equally mixed uith llir wax, in ordcT to put a flight 
layer of it upon the outer mould, before any letters are applied 
to it. 6. I'he coals to dry tlie mould. 

For making the mould, they have a fcaffold confitting of 
four boards, ranged upon treffels. Upon this they cany 
the earth, grofsly diluted, to mix it with horfe-dung, beat- 
ing the whole with a large fpatula. 

"J'he compaflef; of conftrudtion aie the chief iullrument for 
making the mould, which coniill of two different legs, 
joined by a third piece. And laft of all, the founders' 
flielves, on which are the engravings of the letters, car- 
tridges, coats of arms, &c. 

I'hey lirll dig a hoh*, ot a fuflicient depth to contiain the 
mould of the bell, together with the cafe, or cannon, under 
ground ; and about fix inches luwt*r tlian tlie terre-pleiii, 
where the >aork is perfoimed. Tlic hole mull be wide 
enough for a fiee palTage between the mould and walls of 
the hole; or between one mould and anothei, wIku fcveral 
belK aie to be cad. At the centre of the hole is a Hake 
creeled, that is ftrongly fallened in the giound. Tliis lup- 
ports an iron-peg, on w'hirh the pivnt of the f eond hianeh 
of the compafles turns, 'riie Hake is ciicompaired with a 
folid brick-work, perfe(f\ly louiid, about half a foot high, 
and of the propofed hell’s diameter. 'J’lus tliey call a niill- 
llone. The parts of the mould arc the core, the model of 
tlie bell, and the fliell. W'lu'n the outer furfaee of the core 
is formed, they begin to ralfe the core, which is made of 
bricks that are laid in coni fer, of equal, height upon a layer of 
plain earth. At the laying of each biick, they bring near it 
the brancli of the compaffes, on which the curve of the core 
is fliaped, fo as that therc may remain In tween it and the 
uiirve the diftanco of a line, to be afterwards filled up with 
layers of cement. The work is continued to the top, only 
leaving an opesiing for the coals to buJ;e tlie core. This 
work is coveicd wuth a layer of cement made of earth 
and liorfc-dung, on which they move the compaffes of 
couHrutlioii, to make it of an even fmoothuefb every 
where. 

'^I'he fiift layer being finiflied, they put the fire to the core, 
I'v filling It half with coals, through an opening that is kept 
fiuit, during the baking, with a cake of eartli, that has 
been fcparaicly baked. The inti fiie coi, fumes the flake, 
and the lire is left in the core half, or, fometimes, a whole 
day: ilie full layer being thoroughly dry, tliey cover it 
with a fecond, third, and fourth ; each being fmoothed by 
the board of the compaffes, and thoroughly dried before 
they proceed to another. 

Tlie core being completed, they take tlie compaffes to 
pieces, with intent to cut off tlic thick nefs of the model, 
and the compaffes are immediately put in their place, to be- 
gin a fecond piece of the mould. It conllils of a mixture 
of earth and hair, applied with the hand on the core, in 
feveral cakes that dole together. Tliis w'ork is iinifhed by 
fevcral layers of a thinner cement uf the fame matter, 
fmoothed by tbe compailcs, and thoroughly dried, before 
another is laid on. The lall layer of the luotlcl is a mixture 
of wax aiul greafe fpread over the whole Aftei which are 
applied tlie inferiptions, coats of aims, S,c. bcbiHured with 
a pencil dipped in a vcffel of wax on a chaffing-difli ; thi:, is 
done for every letter. Before tlie find! begun, the com- 
paffes are taken to pieces, to cut off all the wood that fills 
the place of the thickuefs to he given io ilie fhelH 

The firH layer is the fame c:nlh with the refl, fiftcil wry 
tme ; whilH it is tempering in witev. it i.«i mixAd with uow’p 
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hair, to make il cohere. The wdiolc being a ftin cidlis, 19 
gently poured on the model, that finks exadly all the Hnu. 
oiities of the ^ures, &c. and this is repeated fill the wdiole 
is two lines lliick over the model. When this layer is tho- 
roughly dried, they cover it with a fecond of t^e fame mat- 
ter^ but foinething thicker ; w Iicn this fccoud l^er becomes 
of fome confiftence, they apply tlic comp<.{re| agJiin, and 
light a lire in the core, fo as to melt off the wjpx of the in- 
feriptions, &c. '*( 

After this, they go on with other layers of he fliell, by 
means of the compaffes. Here they add to tile cow’s hair 
a quantity of hemp, fpread upon the layers, ai» afterwards 
fmoothed by the board of the compaffes. TholLhicknefs of 
tbe (hell comes to four or five inches lower l^n the mill- 
flone before obferved, and furrounds it quite llofe, w hich 

{ >reveut8 the extravafution of the metal. Th^ wax fhquld 
)c taken out before the melting of the metal. 

The car of the bell requires a feparate w’d k, which is 
done during the drying of the fevcral incruHAions of the 
cement. It lias feven rings, the feventh is caller the bridge, 
and uiiitcs the otheis, being a perpendiculaij fuppoit to 
llrcngthen the curves. It has an aperture at the topj to 
admit a large iron peg, bent at the bottom ; ai d this is in- 
troduced into two holes in the beam, faftene [ with two 
Hroug iron keyo. There are modds made u the rings, 
with mailt j! of beaten earth, that are dried in the fire, in 
Older to have the hollow of them. The h* ring are gently 
prefled up:m a layer of earth and cow’s hai:, one-lialf of 
Its depth ; and then taken out without breaki.i^ the rnouKk 
Tliis opciatioii is repeated twelve times for ;welve haU- 
mo’ilds, that two and two united may make th hollows of 
the fix : the fame they do for tlie hollow G the bridge, 
and bake tlicm all, to unitv" them together. 

Upon the open place left for the coals to b| put in, are 
placed the riuga that couditute the car. Tl|fcy firll put 
into this open place the iron ring to fupport tl|e clapper of 
the bell ; then they make a round cake of cl^, to hll up 
the diameter of the thickuefs of the core, I'his cake, af- 
ter baking, is clipped upem the opening, and foldercd with 
a tliin mortar fpread over it, which binds the cover clofe to 
the core. 

The hollow of the model is filled wdth an earth, fufli- 
cienlly nioift, to fix on the place, which is Hrewed, at feve- 
ral times, upon tlie cover of tlie core ; and they beat it 
gently with a jiellle to a proper height ; and a workman 
Imooths the earth at top woth a wooden trowel dipped ii\ 
w'ater. 

Upon this cover, to be taken off aftemards, they affem- 
ble the hollow^s of the rings. When every thing is in its 
proper place, they (Irengthcn the outfide of the hollows 
w ith mortar, in order to bind them w'jth tlic bridge, and 
keep them Heady at the bottom, by means of a cake of 
the lame moi tar which fills up the whole aperture of the 
Ihcll. This thev let dry, that it may be removed with- 
out breaking. To make room for the metal tiiey pull off 
the hollows of the rings, through which the metal is to 
pafs, before it enters into the vacuity of the mould. The 
fliell being unloaded of its ear, they range under the mill- 
Hone fi\e or fix pieces of wood, about tw'o feet long, and 
thick enough to reach almoil the low'cr part ©f the fliell ; 
between thefe and the mould they drive in wo©dcn wedges 
with a iivdllel, to fhake the fhell of the ifudel where- 
on il relU, fo aa to be pulled up, and go| out of the 
pit. 

When tliis and the wax ace removed, they birak the ino- 
rhland l:4\cr ot earth, rluough which the niCal mud run, 
f'om hollow of the rings, between the b:l! ind the core. 
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They fmolce the In/ide of the rtieH, hy burning ftraw under 
it, that helps to fmooth the furface of the bell. Then they 
put the (hell in the place, fo as to leave the fame interval 
between that and the core ; and before the hollows of the 
rings or the cap arc put on again, they add two vents, that 
are united to the rings, and to each other, by a mafs of 
baked cement. After which they put on this mafs of the 
cap, the rings, and vents, over the fliell, and folder it with 
thin cement, which is dried gradually by covering it with 
burning coals. Then they fill up the pit with earth, beat- 
ing it itrongly all the time, round the mould. 

The furnace has a place for the lire, and another for the 
xnetal* The fire-place has a large chimney, with a fpacious 
a/h-hole : the furnace which contains ihe metal is vaulted, 
whoffc bottom is made of earth, rammed down ; the reft is 
built with brick. It has four apertures ; the firft, through 
which the flame reverberates ; the fecond is clofed with a 
Hopple, that is opened for the metal to run ; the others are 
to leparatc the drofs, or fcoriae, of the metal by wooden 
rakes; through thefc lall apertures pafics the thick fmoke. 
The ground of the furnace is built Hoping, for the metal 
to rundown. Sec Di6t. Commerc. Eng.edit. art. Foun- 

DERY. 

Foundery. Manner of cafllng great gunsy or pieces of 
The calling of cannons, mortars, and other 
pieces of artillery, is performed much like that of ftatucs and 
bells ; cfpecially as to what regards the wax, Ihell, and 
furnaces. 

All pieces of artillery are now call folid, and bored af- 
terwards, by means of a machine invented at Stralburgb, 
(fee Boring of Cannon,) and much improved by Mr. Ver. 
DUiggen, head founder at Woolwich. The gun to be bored 
was at firll placed in a perpendicular pofition ; but the 
machines iifcd for this purpofe have lately been made to bore 
horizontally, and much moreexadly tliaii thofe that bore in 
a vertical fituation. Whilll theinfideis bored, the outfide is 
turned and poliHicd at the fame time. 

As to the metal, it is fomewhat different from both ; as 
having a mixture of tin, which is not in that of llalues ; 
and only having half the quantity of tin that is in bells, 
i. c, at the rale of ten pound of tin to an hundred of copper. 
The refpeftive quantities of different metals that llioiild en- 
ter iplo the conipofitioii for brafi cannon is not abfolntely 
decided; the moll common proportions of the ingredients 
arc the following : viz. to 24olb. of metal fit for calling, 
they put 681b. of copper, 2 ^\h. of brafs, and izlb. of tin. 
*ro 4200lb. of metal fit lor calling, the Germans put 
368;;flb. of copper, zoviJlb. of brafs, and 307* ^Ib. of 
tin. Others, again, ule loolb. of copper, 61b. of brafs, 
and 91b. of tin ; and lallly, others make ufc of lOolb. of 
copper, lolb. of brafs, and ijlb. of tin. Sec Can- 

NON. 

A cannon is always fhaped a little conical, being thickell 
of metal at the breed), where the greatell effort ot the gun- 
powder is made, and dimimfliing thence to the nur/zle ; fo 
that if the mouth be two inches t])ick of metal, the breech 
is fix. See Cannon. 

Its length is meafured in edibers, /. e. in diameters of the 
muzzle. Si\ inches at the muzzle require twenty calibers, 
or ten feet in length ; there is always about the fixth of an 
inch allowed play for tlie ball. For the parts, and their re- 
fpcdlive proportions of different forts of guns, fee Cannon 
and Gun. The method of calling iron cannon differs very 
little from that of brafs. 

Founobry, Letter y or the method of cafting printing 
Letters. — The invention of printing letters we lhaU ipcak of 
under Printing and Letter. 


Their difference, kind, See. have already been explained 
under the articles CifARACTER, See. 

In the bufinefs of cutting, calling, See. letters for print- 
ing, the letter-cutter mull be provided with a vice, hand- 
vice, hammers and files of all forts for watch-makers’ ufe ; 
as alfo gravers and fculpters of all forts, and an oil-done. 
See. fuitable and fizeable to the feveral letters to be cut : a 
fiat gauge made of box to hold a rod of ileel, or the body 
of a mould, See. exaflly perpendicular to the flat of the 
ullng-file : a Hiding gauge, whofe ufe is to meafure and fet 
off di fiances between the flioulder and the tooth, and to 
mark it off from the end, or from the edge of the work ; a 
face-gauge, which is afquare notch cut with a file into the 
edge of a thin plate of Heel, iron, or brafs, of the thick- 
neis of a piece of common tin, whofe ufe is to proportion 
the face of each fort of letter, vi%. long letters, afeending 
letters, and Ihort letters. So there mult be three gauges, 
and the gauge for the long letters is the length of the whole 
body fuppoled to be divided into forty-two equal parts. The 
gauge for the afeending letters, Roman and Italic, arc f , or 
3opart8of 42, and 33 parts for the Euglifli face. The 
gauge for the fliort letters is 4 or 1 8 parts of 42 of the whole 
body for the Roman and Italic, and 22 parts for the Englilh 
face. 

The Italic and other Handing gauges are to meafure the 
fcope of the Italic Hems, by applying the top and bottom 
of the gauge to the top and bottom lines of the letters, and 
the other fide of the gauge to the Hem ; for when the letter 
complies with theft three fidcs of the gauge, that letter has 
its true Hiape. 

The next care of the letter-cutter is to prepare good 
Heel punches, well-tempered, and quite free * from all veins 
of iron ; on the face of which he draws or marks the exa6l 
fhape of the letter, with pen and ink, if the letter be large ; 
or with a fmooth blunted point of a needle, if it be finall ; 
and then with fizeable and proper Hiaped and pointed gra- 
vers and fculpters, digs or Iculps out the Heel between the 
Hrokes or marks he made on the face of the punch, and 
leaves the marks Handing on the face. Having well Hiapcd 
the infide Hrokes of lus letter, he deepens the hollows with 
the fame tools : for if a letter be not deep in proportion to 
its width, it will, when ufed at profs, print black, and be 
good for nothing. This work is general)' regulated by the 
depth of the counter-punch. Then he works the outfide 
with proper files till it be fit for the matrice. 

But before we proceed to the finking and juftifying of 
the matrices, w^emuH provide a mould to jiiHify them by, 
of which you have a draught in Plate XV. Mifcellanyy fgs. 

3- 

Every mould it compofed of an upper and an under part. 
The under part is delineated in fg. 2. The upper part is 
marked fg, 3, and is in all refpeds made like the under 
part, excepting the Hool behind, and the bow, or fpring, 
alfo behind ; and excepting a fmall roundifh wire between 
the body and carriage, near the break where the under 
part hath a fmall rounding groove made in the body. This 
wire, or rather half-wire, in the upper part, makes the nick 
in the Hiank of the letter, when part of it is received into 
the groove in the under part. Thcfe two parts are fo 
exa6lly fitted and gauged into one another {viz. the male 
gauge, marked c in fg. 3. into the female marked g in ^^.2.) 
that when the upper part of the mould is properly placed 
on, and in the under part of the mould, both together, 
make the entire mould, and may be Hid backwards For ufe 
fo far, till the edge of either of the bodies on the middle 
of either carriage comes juft to the edge of the female 
gauges, cut in each carriage : and they may be Hid for- 
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watdi fo far, till the bodies on either carnage touch each 
oihc'' ; and the fliding of tliefe tv\o parts of the mould 
backwards makes the Hiank of tlie letter tliicker, becaufe 
tl)c bodies in each part Hand wider afundcr, and the fliding 
tlieni forwards makes the /hank of the letter thinner, 
beciiufc the bodies ui) each part of the mould tland cloler 
together. 

The parts of the mould are as follow : tic.. 
a The carriage, 
h The body, 
c 'I'hc male gauge, 
d c Tlie mouth-piece, 
f i 'Fhe regiHet. 
g The frinale gauge. 

Ii The iiag. 

o n a a The bottom plate. 
b b h The wood, on which the bottom plate lies. 
c c i. ^'116 mouth. 
d d 'rhe throat. 
e d d The pallet, 
f Tlie nick. 
g The llool. 

/* b The fpring or bow. 

Then the mould miiH be juHilied : and firft the founder 
jallifies the body, by calling about twenty proofs or 
iampleg of letters, which are fet in a cornpoting Hick, 
wuth all tlieir nicks towards the right hand ; and then by 
comparing thefe with the pattern letters, fet up in the 
fame manner, he finds the exa<it meafure of the body to 
be call. lie alfo tries if the two fidcs of the body arc 
parallel, or that the body be no bigger at the head than 
at the foot ; by taking halt the number of his proofs, and 
turning them with their heads to the feet of the other 
half ; and if then the heads and the feet be found exa 6 lly 
even upon each other, and neither to drive out nor get 
in, the two lides may be pronounced parallel, lie farther 
tries whether the two fides of the lliickncfs of the letter 
be parallel b) Hrlt fetting his proofs in the coinpoliiig 
/lick with thvir nicks upwards ; and then turning one-half 
with their heads to the feet of the other half : and if 
tlie heads and feet lie exa<!:liy upon caih other, and neither 
drive out nor g«.l in, the two fjdcs of the thicknefb are 
parallel. 

The mould thus jullified : tlie next bufinefs is to pre- 
pare the inatriccB. A mat rice i'Z a piece of brals or copper 
of about an inch and a half long, and of a thicknefs in pro- 
portion to the fize of the letter it is to contain. In this 
metal is funk tlie face of the letter intended to be call, 
by linking the letter punch about the depth of an ii. 
After this the fidcs and face of the matrice rnnll be jullifif'd 
and cleared, with files, of all bunchings made by finking 
the punch. 

Eveiy thing thus prepared, it is brought to the furnace, 
wliich is built of brick upright, willi four fqiiarc fides, and 
a Hone on the top, in which Hone i.s a wide round hole for 
the pan to /land in, A foundery of any confequcuce has 
feveral of thefe furnaces in it. 

As to the metal of whicli the types are to be call, this, 
in exteiifive foundcrics, is alw'ays prepared in large quan- 
tities ; but call into fmall bars of about twenty pounds 
weight to be delivered out to the workmen as occafion 
requires. In the letter foundery which 1 ms been long 
carried on with reputation, under the direction of Dr. 
Alexander Wilfon, and fons, at Glafgow, we are in- 
formed, that a Hock of metal is made up at two different 
times of the year, fufficient to ferve the caHers at the 
furnace for fix months each time. For this purpofe a 
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large furnace is built under a ffiadcj fufn^/hed with a 
wheel vent, in order the more equally to hirat the fides 
of a Hrong pot of caH iron, which iiolds, whuii full, fifteen 
hundred weight of the metal. The fire Iking kindled 
below, the bars of lead are let foftly down fnto the pot, 
and their fufion promoted by throwing in fo^e pitch and 
tallow, which foon inflame. An outer cliiimcy, which 
is built fo as to proje<Sl about a foot over! the fartheft 
lip of the pot, catches hold of the flame |by a Hrong 
draught, and makes it a£l very powerfull in melting 
lead ; whllH it ferves at the fame time to pronvey away 
all the fumes, &c. from the workmen, t tv^hom this 
laborious part of the bufiners is committed. When the 
lead is thoroughly melted, a due propoition df the regulua 
of antimony and other ingredients are put i, and foiiie 
more tallow' is inflamed, to make the whol incorporate 
fooncr. The workmen now Laving mixed the contents 
of the pot very thoroughly, by Hirriiig kmg w'ith a 
large iion hidle, next proceed to dra> #e metal off 
into the fmall tioiiglis of call iron w'hich ai ranged, to 
the number of fourfeore, upon a Icvtl plftform, faced 
W'ith Hone, built towards the right hand. A tlic coiirfo 
of a day fifteen hiindiLd w'cight of metal «n be cafily 
prepared in this manner; and the operation! is continued 
for as many days as are neceffary to pi^are a Hock 
of metal, of all the various degrees of har icfs. After 
this the whole is difpufed into pre/Tes, iLCording to 
its quality, to be delivered out occafioiially [o the work- 
men. 

The founder muH be now provided with s| ladle, wdiicli 
differs nothing from other iron ladles, but in i|js fi/e. And 
lie IS provided always wu’th ladles of feveral iij e*^, which he 
iifes according to the fize of the letter h< is to caff. 
Eef<»re the caller begins to caft, he rmiH k luil * l»is fire 
in the furnace to melt the metal in the pan. ^'litMefore he 
takes the pan out of tlie hole in the Hone, atid there Jays 
in coals and kindles them ; and, when they arc Well kindled, 
he fets the pan in again and puls in metal into it to 
melt ; if it be a fmall bodied letter he cafts, or a thin 
letter of great bodies, Ins metal mull be very hot ; nay 
foinetiincH red-hot, to make the letter come. Then having 
chofen a ladle that will hold about fo much as llie letter ana 
break is, he lays it at the Hoking hole, w here the flame 
hiiiHs out, to heat. Then he tics a thin leather, cut with 
its narrow end iigainH the face to the leather groove of 
the matrice, by wdiipping a brown thread twice about the 
leather-groove, and fallening the thread with a knot. Then 
he puts both iuilvcs of the mould together, and puts the 
matrice into the matrice- cheek, and places the foot of the 
matrice on the Hool of the mould, and the broad end of 
the leather upon the v^ood of the upper half of the mould, 
but not tight up, lell it might hinder the foot of the rnatnee 
from finking clofe down upon the Hool in a train of work. 
Then laying a little rofin on the upper -w'ood of the 
mould, and having his caHing-ladle hot, he wdtli the 
boiling fide of it melts tiie rofin ; and, wlien it is yet melted, 
pre/fi’S the broad end of the leather hard dowm on th« 
wood, and fo fallens it to the wood : all this is liie pre^- 
paration. 

Now he comes to calling. Wherefore placing the under 
half of the mould in hU left hand wdth the ; hook or hag 
forward, he clutclics the ends of its woodi between the 
lower part of the ball of his thumb and Ills three hind 
fingers; then he lays the upper half of the i mould upon 
the under half, fo that the nude gauges may Ifall into the 
female gauges, and at the fame time the hift of the nia- 
trice places iti’elf upou the Hool ^ aud, cluing his left 



FOUNDERY 

nand tinimb ftrong over the upper half of the mould he 
nimbly catches hold of the bow or fpring with his right 
liand lingers at tiic lop of it, and his thumb under it, 
and places the point of it againll the middle of the notch 
in the backliiic of the inatrice, preHing it as well forwards 
towards the mould, as downwards, by the fhoulder, of 
the notch clofe upon the lloul, while at tlie fame time 
with his hinder fingers, as aforefaid, he draws the under 
half of the mould towards the ball of his thumb, and 
thniils by the ball of his thumb the upper part to- 
wards his lingers, that botli the regillcrs of the mould 
may prefs againll both fidos of the matri.c, and his 
thumb and linger s prefs both halves of the mould dole 
together. 

Then he takes lire handle of his ladle in Iris right hand, 
and with the boll of it gives a llrokc, two or three, out- 
wards upon tire furfacc of lire melted metal, to fciim or 
clear it from the frlrn or dirll that may fwirn upon it ; 
then takes up the ladle full of metal, and having his mould, 
iis aforeiaid, in hrs left hand, he a little twills the left fide 
of his boily from the furnace, anil brings the geat of his 
ladle (full of metal) to the mouth of the mould, and 
twills the up])er pai't of his light hand towards him to 
turn tire inetul into it, while at the fame moment of time 
Ire jilts lire mould in his left hand forwards, to receive the 
luclal with a llrong fliake (as it is called) ; not only into 
the bodies of tlie mould, but wliilc the metal is yet hot 
uiimiug, fwiflly arid llrongly, into the ver-y face of the ma- 
tnee, to receive its perled foi-nr there, as well as in the 
lhank. 

Then he takes t.hc upper half of tire mould off the under 
lialf, by placing Iris right hand thumb on the end of the 
vrood next lii>s left hand thurril), and his two middle-fingers 
at the other end of the wood ; and fuiding the letter and 
break lie in the under half of the mould, (as moil commonly 
by rcafon of its weight it docs,) he throws or Ioffes the let- 
ter, bi'cak and all, upon a dicet of wafle paper laid for that 
prirpofe on the btiich, jull a little beyoi.il his left hand, and 
is then I'eady to call another letter ns heloi'i' ; and alio, the 
whole number that is to be call with that inatrice. 

A workman wrll ordinarily call about three thoufand of 
thi’le letters in a day. 

When the callers at the fui'iiace have got a fufficient 
luimber of t)pes upon the tables, a let of boys come, and 
nimbly break aw^iy the jets from them : the jets are thrown 
irrto the pots, and the type.s are carried away in parcels to 
other boys, who pafs them fwiftlv under tlreir lingers, de- 
fended by leather, upon finooth llat Hones, in oi'der to po- 
lifn their bioad-lides This is a very dextrous opei*ation, 
and is a remrn kable inllancc of what may be elfedlcd by the 
power of liabit and long pra^lice; lor thefe boys, in turn- 
ing up the other lide of the type, do it fo quickly by a 
mere touch of the fingers of the left hand, as not to require 
the leall perceptible intermillion in the motion of the right 
hand upon tire Hone, 'hlie types, thus finely fmoothed and 
fl.'ittcm d on the broad-lidcs, are next car ried to another fet 
of boys, who lit at a fquare table, tw’o on each lide, and 
there are ranged up on long rulers, or Hicks, fitted with a 
fmall projeftion, to hinder them from Hiding off backwards. 
When thefe Hicks are fo filled, they are placed, two and 
two, upon a fet of wooden pins fixed into the wall, near 
the dreffei', fomctiines to the amount of a hundred, in order 
to undergo the tinifliing operations. This workman, who 
is always the moH expert and fiulful in all the different 
branches carried on at the foundery, begins by taking one 
of thefe Hicks, and, with a peculiar addrefs. Hides the whole 
colunui of types off upon tlie dreffing-ilick ; this is xnftdc of 
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wcll-feafoncd mahogany, and furniHied with two end-piecef 
of Heel, a little lower than the body of the types, one of 
which is moveable, fo as to approach the other by means of 
a long ferew^-pin, infci ted in the end of the Hick. The 
types are put into this Hick with their faces next to the back 
or projc^lion ; and after they arc adjuHed to oiiC another fo 
as to Hand even when they ar e bound up, by ferewing home 
the moveable end piece. It is here where the great and 
reqiiifite accuracy of the moulds comes to be perceived ; for 
in this cafe the whole column, fo bound up, lies flat and 
true upon the Hick, the two extreme types being quite pa- 
rallel, and tire whole has the appearance of one folid con- 
tinuous plate of metal. Tire leaH inaccuracy in the exa6l 
parailelifm of the individual type, when multiplied fo many 
times, W'i>uld rendi r it^ impoflible to bind them up in this 
manner, by difpofing them to rife or fpring from the Hick 
by the fmalleH prefl'urc from the fci'cw. Now, when lying 
fo coiiveniently with the narrow^ edges uppermoH, which 
cannot pollibly be fmoothed in the manner before mentioned 
by the Hones, the workman doc.s this more effedlually by 
feraping the furface of the column with a thick-edged hut 
Hrarp razor, which at every Hrokc brings on a very fine 
litrooth flvin, like to poliHied filver ; and thus he proceeds 
ti'l in about half a minute he comes to the farther end of the 
Hick. The other edges of the types arc next turned up- 
wards, and polilhcd in the fame manner. It is whilll the 
types thus lie in the drefliog-llick that the operation of 
bearding or barbing is jicrformcd, w'hich is effected by run- 
ning a plane, faced with Heel, along the flioulder of the 
body next to the face, which takes more or lefs off the 
corner, as uccafion may require. WhilH in the dreffiug* 
Hick they are alfo grooved, which is a very material opera- 
tion. In order to underlland this, it muH be remembered, 
that when the types arc fii'H broken off from the jets, fom» 
fiiperfluou.s metal always remains, which would make them 
bear very unequally again H the paper whilll under the 
pr-iiiti«ig-prefs, and effedlually mar the irnpreflion. That all 
thefe inequalities may, therefore, be taken aw^ay, and that 
the bearings of every type may be regulated by tiie fliouldcrs 
impar ted to them all alike from the mould, the workman or 
drcller proceeds in the following manner. Tlie t) pes being 
ferewed up in the Hick, as before mentioned, \vi;h the jet- 
end outcrm(;H, and projcdling beyond the wood about one 
eighth of an inch, the Hick is put into an open pi-efs, fo as 
to prefent the jet -end uppermoH, and then every thing is 
made faH by driving a long w'cdgc, wliich bear s upon a flip 
of w ood, which lies clofe to the types the w hole length : 
then a plough or plane is applied, which is fo conHriidled 
as to embrace the projcdling part of the types betwixt its 
long fujes, which are made of. poliflied iron. When the 
plane is thus applied, the Heel cutler bear ing upon that part 
between the flioulders of the types, where the inequalities 
he, the dreffer dextroufly glides it along, and by this means 
Hrips off every irregular part that comes in the way, and f<i 
makes an uniform groove the whole length, and leaves the 
tw'o flioulders Handing ; by w hich means every type be- 
comes precifely like to another, as to the height againll 
paper. The types being now finilhed, the Hick is takcMi 
out of the prefs, and the whole column replaced upon the 
other Hick ; and after the whole are fo dreffed, he proceeds 
to pick out the bad letters, previouHy to putting them up 
into pages and paj>eis. In doing this he takes the HibiC in- 
to his left hand, and turning the faces near to the light, he 
examines them carefully, and whenever an impel fedl or 
damaged letter occurs, he nimbly plucks it out wnth a fhai p 
bodkin, whicli he holds in the right liand for that purpofe, 
Tbofe letters which, from their form, projedt over the body* 
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of the type, and which cannot on this account be rubbed 
on the Itones* arc feraped on tlic broad-fidcs with a knife or 
file, and fomc of the metal next the face pared away with a 
pen-knife, in order to allow the type to come dole to any 
other. This operation is called kerninp^. 

I'hc excellence of printing types confifts not only in the 
due performance of all the opentions above deferibed, but 
alfo 141 the hardnefsof the metal, form, and line proportion 
of the charader, and in the cxa6t bearing and ranging of 
the letters in relation to one another. 

FouNDfc’RY, Miliiary. Under the feveral appropriate 
heads, we have furniflicd information regarding the feveral 
kinds of foiindery neceffary to the eftablifliment of that va- 
riety of profeflions, wherein callings of different kinds, 
whether in metal, wax, plafler, arc defiderata : we now 
have to offer a few remarks on fnch as appertain more par- 
ticularly to the fupply of our arfenals. 

The calling of cannon, fliot, &c. was, until about half 
a century ago, confidered an arduous undertaking ; and 
fo Jirile were the fundamental principles of the art under- 
flood, that w’c arc alfured not one in three of the (hells call 
for the mortar fervice could be admitted into the florcs. 
Such have been the improvements made, that thoufands of 
artiLles, wliich iifed to be fiom ncceffity made of wrought 
iron, arc now to be had from the foundcTies at Icfs than 
onc-lifth of their former prices ; while tlie material itfelf has 
b Til fo liighly perfeded, that in (lances have been known of 
call-iron being fufficicntly foft to bear the file, and luffi- 
ciently dudile to undergo the hammer. Such, indeed, 
could not be done but at confiderablc cxpcnce ; nor does it 
appear that much good could refiilt in general. With re- 
fped to military apparatus, it is found expedient to have 
the wiiolc of our cannon, mortai\s, carronades, (liot, (liclls, 
and garrifon gun-carriages, call at the feveral founderics 
ellablidicd in the vicinity of coal and iron mines; wheicby 
the work is done at comparatively a low expcncc, and the 
ai tides can be conveyed by water to the warren at Wool- 
wich much under the prices at w^hich they could be call at 
the place, to which both the iron and the coals mull be 
Irani ported. 

The French have, fince the commencement of the re- 
volution, fliewn what may be effedted in tins branch of 


F0UNDERY 

military ecotK>my, by a people determined ] to overcome 
<?very difficulty, and to apply their refources, whether pub- 
lic or private, towards national purpofes. It is a well 
afeertaint d faft, that in feveralt)f the depart mdfrits of France, 
from which the trains of artillery, together w|ith the feveral 
(lores appertaining to them, had been withdra n, the people 
fupplied their national guards with ficld-picci cad in fmall 
temporary friunderies, where the furnaces wci rarely equal 
to heating more tlian from twenty to thirty iinds of bell- 
mctal, &c. of which the facred edifices, & throughout 
the country had been dripped. By a due )mbinatian of 
the whole, very ferviceable cannon, and efpecii ,ly howitzert, 
which feem to be a favourite fpecles of artill y among the 
French, were thus fupplied. 

Though it mud be admitted that a founi ery fuited to 
cading cannon, of any defeription, could n be attached 
to the ordnance department of armies fervijg out of the 
kingdom, we are inclined to hazard the opin n, that fmall 
labortitory furnaces, adequate to the cadin of (hot and 
grape, but efpecially of mufket balls, migl be annexed 
thereto. In fume indanccs, when the docK f grape-lhot 
has been expcixled, it has become neceffary |o make cafe- 
(hot of mufket balls, whereby the infantry li ^ve been very 
iU fupplied with ammunition. If, in fuch ind Hces, portable 
furnaces, and crucibles, together with prope; moulds- have 
been at hand, (for the whol^ miglit be convi yed in a wag- 
gon, or perhaps in a cart,) abundance of re ;«fe iron could 
have been formed into grape-Hiot ; and the ould have 
been no fcarcity of muikel ammuniiinn. 

Nor can we fee any objec^tion to the fi >lv of proper 
materials for cdabbnnng founderics, iuited t Lading btld- 
picces, being (flipped wntb extenbve armame ts prf)cceding 
on foreign fer\icc ; lince the fpace they w'oi * ccupy mud 
be far lefs than is required for that irnmcilTe quantity of 
dorcs ncceffanly fent to places W'here no fcHindery exills. 
Hence tonnage, time, and treafure, are often laviflily ex- 
pended. The cadiiig of diot and dietls, in fucfi iituations, 
would generally prow eidy, and bbiMate many a iranfport 
Bom the conYC)ance fnch dead-WLiglit, ir> ni.t only pre- 
cludes the fupply of other etprally nceeflaiy ftoie?, but, in 
many iidlances, iilks, or even caufes, a total loU. 
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FUEL, in PMofophy, the pahulum of fire, or v.hatever , A great deal of nicetjr is required in choofing the proper 
receives and retains lire, and is confumed, or rendered in- conti^e Jcv^al degrees of fire in 

fcanfible therebv. chenucal operations. Dr. Black divides fuels into five 
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claffes ; the firft comprck*nds the fluid inflammable bodies ; 
the fecond, peat or turf ; the third, cliarcoal of wood ; the 
fourth, pit^oal charred ; and the fifth, wood, or pit-coal, 
in a crude ftate, and capable of yielding a copious and 
bright flame. 

The fluid inflammables are confidered as dillindf from the 
folid, on this account, that they are capable of burning upon 
a V ! jk, and become in this way tlie moll manageable iourccs 
cfheat; lliough, on account of their price, they are never 
employed for producing it in great cpiantities; and are 
only ufed when a gc ntle degree, or a finall quantity of heat 
is fufficient. Tfie f]?ecics which belong to this clafs arc al- 
cohol and dilTerent oils. 

The firfl of thefe, alcohol, when pure and free of w’ater, 
is as convenient and inaniigeable a fuel for prodiiv ing mo- 
derate or gentle heats as can be delirod. Its flantc is per- 
fc^lly clean, and free from any kind of loot ; it can eafily 
be made to burn flower ®r falU r, and to produce lefs or 
inor,e heat, by changing the fi/,e or number of the wicks 
bpoYi which it burns; for ns long as tliefe are fed with 
fpirit, in a proper maniu r, tfie*y eontimie to yuiJ ih’i.u? of 
’prccifely the fame llrength. 'Dr* LOii<ni, or other materials, 
of \vV»i( lithe wick jscoinpoled, is not leorehed or con- 
faired in the lead, luf .mfe the Ijunt with w hiefi it is toii- 
flantly foaked .is ineapable <d l»Leouuiig hotter than 174 , 
b'afirenheit, wh.eli is ctiwlid. ralily below t}i«: heat of b(»ilmg 
water. It is only the \*ip<)ur that arifes from it which is 
hotter, ajid this too (mly in its out<r parts, that are Piofl 
rehiole from tfewiek, and wliere f»nly ih** coir.buliion is 
on, in conlecjiu iki* of conininnicatioii a/:d contact 
>\fth the an . y\t the fume time, a:, the alcohol is totally \o- 
latilc, it d^cs not leiuc any lixed matter which, bv berng 
accumulated on the wick, might render it foul ami lill up 
it^ pores. The wick, tlierclore, coiuiums to imbibe the 
fpirit Hi freely, after foiue L'lnc, as ’ it did at the lirih 
Thefe are the qualities of alcohol as a fm 1 . But theh- qua- 
lities belong only to a fpiiil that is very pure. If, on the 
contrary, it be tveak, and contain water, the winter, being 
Lfs volatile, doc s not evaporate fo fail from the vvick as tlu* 
.more fpirituous part; and the wick become s, after foir.e 
time, fo much foaked with water that it docs not imbibe the 
fpirit properly. 'Pile flame becomes much wnakir, or ivS al- 
'togethcr cxtinguiflied. AVhen alcohol is nfed as a fuel, 
therefore, it ought to be ini dr. as llrong, or free from 
water, as poflible. 

Oil, although fluid like fpirit of wdne, and capable of 
burning in a Jimilar manner, is not fo con\enient in many 
refpet^bs. It is difpofed to emit foot; arcl tins appl)ing 
itfelf to the bottom of the vefTcl expofed to il, and, iii- 
t leafing in thicknefs, formr,, by degrees, a foft and fpoiigy 
medium, through which lieat is not fu fredy and quickly 
tranfnvitted. 'I'fviivwas obferved by Mufclienbiocck in his ex- 
pcriitteiits upon the cxpanllons of metalline rods heated by 
lamps. It IS true wc can prevent this entirely, by iifuig very 
fmall wick.«:, and increafing the number, if necefiiiry, to 
\irdduce the heat reijuired. Or, we may employ one of 
thofe lamps', in winch a ilrcam of amis allowed to rife 
through the middle of the flame,, or to pafs over its furface 
wltli'Tu’cli velocity ns to produce a more complete inflam- 
mation than ordinary. But w e ihall be as mucli embarr.uTed 
in another w'ay, for the oils commonly ufed, being capable 
ot affumiwg a beat greatly above that of boiling water, 
fcorch and burn the wick, and change its texture, that it 
docs not imbibe the oil fo fail as before. Some have* at- 
tempted a remedy, by making the wdek of incoinbuilible 
Tiiatenais, asafl^ellos, or wdre ; but ftill, as the oil does not 
totally evHporaie, but leaves a fmall cpiantity of grofs fixed 
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carbonaceous matter, this, conftantly accumiflating, clogs 
the wick to fuch a degree, that the oil cannot afeend, the 
flames become weaker, and, in fome cafes, ai^ entirely ex- 
tinguiflied. There is, however, a difference among the 
different oils in this refpe6l ; fome being more;totally vola** 
tile than others. But the bell are troublefomiij' m this way, 
and the only remedy is to change the wicks (iften, though 
wc can hardly do this and be fure of keeping alj^•ays an equal 
flame. | 

The fecond kind of fuel mentioned, peat, is fo fpongy 
that, compared with the more fojid fuels, it ii unfit to be 
employed for producing very flrong heats. J is too bulky 
for this : wc cannot put into a furnace, at a June, a quan- 
tity that correfponds with the quick coiifum])lic>n that huift 
necefl'arily go on when the heat is \ioleiit. There is, na 
doubt, a great difference in this refpe<?l anwiiig <| flVrcnt kinds 
of this fuel ; but this is the general charai^ter F it. How- 
ever, w'hen we defire to jin^diice and keeji by means of 
cheap fuel, an extremely mild gentle heat, t can hardly 
ufc any thing better than peat. But it is b |il to have it 
prt vioufly charred, that is, fcorched, or bil nt to black 
coal. When prejiared for life in that manner, il is capable 
of being made to burn more (lowly and gently, >r will bi-ar, 
w ithout being extinguiflied altogether, a greati t diminution 
of the quantity of air, w ith which it is lupplj d, than any 
other of the folid fuels. Hr. Boerhaave foutiq it extremely 
convenient and manageable in his Furnus Studi forum. 

The next fuel, in order, is the charcoal of oud. This 
is prepared by piling up billets of wood into a pyramidal 
heap, with feveral fpiracles, or flues, formed hroiigh tlie 
jale. Chij).s and brufliwood are put into thofij below', and 
the whole is fo conllru^led that, when kindl^ , it kindles 
almoll over the whole pile in a very (hort timej It w'oiild 
bill'll out into a bla/.c', and be quickly confuij led to alhes, 
were it not covered all over w'ith earth, or clay, “Jiratcn clofe, 
leaving openings at all the fpiracles. l''hcfe are carefully 
watched; and, whenever the white ivatcry finoke is tdi- 
ftrvedto be fiicee*eded by thin bine, and t ranfjiarent fmoke, 
lh<’ whole iu immediately floj*ped ; this being the indiealioii 
of all the watery'- vapour being gone, and the burning of the 
true coaly matter commencing. Thus is a pretty llrongred 
hcatr^iifed through the whole mafs, and all the vidatile mat- 
ters arc diflipaU’d by it, and nolbing now' remains but the 
cbarc<>al. The holes In ing all flopped in fucceflion, as this 
change of the fmoke is ubfir\ud, the fire goes out for want 
of air. Tlu* pile is now allowed to cool. 'This requires 
many days ; for, charcoal being a very bad condinilor of 
heat, the pile long remains ivd hot in the centre, and, if 
opened in this flatc, would iiiflanlly burn with fury. 

Small quantities may be procured at any time, by 
ing wood in clofe veflels. Lia]»* jiieccs may be lery fiiirly 
prepared, at any' time, by plunging the wood in lead melted 
and red hot. 

This is the chief fuel ufed by' the ehernifls abroad, and 
has many good propcitics. It kindles quickly, emits few 
watery or other vapiairs w hile burning, and wdien eonfumed 
leaves few aflies, and ihofe very light. U’hey are, there- 
fore, eafily blowm aw'ay, fotluit tlie fire coiitimies open, or 
perxious to the current of air w'hieli ir.iiH: pafs tlirough it 
to keep it burning. This fort of fuel, too, Js capable of 
producing as iiitenfe a heat as can be (Obtained Jiy any ; but 
in thofe violent heats it is quickly eonfumed, |ind iieed« to 
be Bequently fupplied. 

Foflil coals charred, called cinders, or co&s, have, in 
many rcfpc6ls, tlie fame properties as c)iarcoa||of w’ood 5 aa 
kindling more readily in furnaces than when ihey are not 
charred, "uud not emitting w'atery, or other grofs fmoke. 
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wliilc they turn. Tliis fort of charcoal 19 even greatly fupe- 
rior to the other in fome properties. 

It is a much Itrongcr fuel, or contains the combuftible 
matter in greater quantity, or in a more condenfed Rate. 
It is, thertfore, confmned much more (lowly on. all occa^ 
Rons, and particularly whefi employed for producing in- 
tenfe melting heats. The only inconveniences that attend 
it are, that, as it confumes, it leaves mucli more allies than 
the other, and thefc much heavier too, which are, there- 
fore, liable to colledl in fuch quantity as to obllrudi the free 
paflage of air through the fire ; and further, that when 
the heat is very intenfe thefc afhes are difpofed to melt or vi- 
trify into a tenacious drofly fub (lance, which clogs the 
l^ratc, the fides of the furnace and the vcfl’els. Tliis lalt 
inconvenience is only troublefome, IxAvever, when the heat 
required is very intenfe. . In ordinary heat the afhes do not 
melt, and tho^ugh they are more copious and heavy than 
thof' of charcoal of wood, they felJoin choke up the lire 
confiderably, unlefs the bars of the grate be loo clofc to- 
gf'thcr. 

This fuel, therefore, is preferable, in moft cafes, to the 
charcoal of wood, on account of its burning much longer, 
or giving imich nion' lieat before it is coiifuined. ^I'he 
hf.'at produced, by equal quantities, by weight, of pit-coal, 
wood-c/iarcoal and wfiod itf. If, are nearly in proportion of 
^,4, and 'J’lie rtvJon why both ihcd* kinds of charcoal 
are pref'i :■ al, on moil occaiions, in experimental chcmillry, 
to tlu crude \\v od, or TofTil coal from which they arc pro- 
duced* is, tha^" tiiv! crude fuels are deprived, by charring, 
of a confidcrable cpianlity of water, and fomc other volatile 
principles, wIiiLh arc ' evaporated during the procefs of 
charring, in the form of footy fmoke or flame. Thefe vo- 
latile parts, while- they remain in the fuel, make it unfit (or 
lefs fit) for many purpofes in chemiftry. For befides ob- 
ilruding the vents with footy matter, they require much 
heat to evaporate them ; aiul, tlieiefore, the heat of the fur- 
nace, in wliicli they are burnt, is much diminifhed and 
wailed by every addition of frefli fu(’1, until the frefli fuel 
is completely inflamed, and reftorcs the heat to its former 
flrength. 

But the fe great ami fudden variations of the heat of a 
furnace are quite inconvenient in moll cl’cmical procefles. 
Tn the greater number of chemical operations, therefore, 
it is much more convrnient to uic charred fuel, than the 
fame fuel in its natural Itale. 

'riiere are, at the fame time, fome kinds of foflil coal, 
which are exceptions to what has now been delivered in ge- 
neral. We meet with fome of them that leave a fmallcr 
proportic>n of aikes than others, and the allies of fome are 
not fo liable to melt in violent heats. Tlierc is one’ fpccies 
too, fuch as the Kilkenny coal of Ireland, and which occurs 
likewife in fome parts of this country, that does not contain 
any feufible quantity of water, or other fuch volatile prin- 
ciples. But this may be .called a fort of native charcoal. 

It has the appearance of ordinary co«d, but, when thrown 
into the fire, docs not emit fmoke (ur foot. It merely 
becomes red, gives a fubtile blue flame, and confumes like 
charcoal ; only it lads furpri/ingly long, or continues to 
give heat for a very long time before it is totally confumed. 
But it cannot be made to burn fo as to produce a gentle heat 
If not in corifiderable quantity, and violently Iieatcd, it is 
foon extinguifhed. 

In ufing this kind of fuel, it is proper to. be on our guard 
againfl the dangerous nature of the burnt air, w hick arifes 
from charcoal of all kinds. Charcoal bums without vilible 
fmoke. The air ariling from it appears to_tbe eye as pure 
and U8 clear as common air. Hence it is much uled abroad 
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by thofe who are ftudious of neatnefs, and cleanliiiefs in 
their apartments. But this very circuntflancc fliould make 
us more watchful againft its effeds, which may prove dan- 
erous, in the higbeft degree, before we are aware of it. 
’he air arifing from common crude fuel is no doubt as bad, 
but the fmoke renders it difagreeable before it becomes dan- 
gerous. The firil fenfation is a fliglit fenfe of weaknefs ; 
the limbs feem to require u little atleiitioii, to prevent 
falling. A flight gidd’nefs, accompanied by a diftind feeling 
of a llulh, or glow in the face and neck. Soon after, the 
perfon becomes drfiwfy, would fit down, but commonly 
falls on the floor infciifible of all about him, and breathes 
Itrong, fnoring as in an apoplexy. If the perfon is alarmed 
in time, and elcapes into the open air, he is commonly feized 
with a violent hcad-acli, which gradually abates. 

But when the cfl'ed is completed, as above deferibed, 
death very foon enfues, unlefs relief be obtained. There is 
ufiially a foaming at the mouth, a great flufli or fuffufioii 
over the face and neck, and every indication of an oppreflion 
of the brain, by this accumulation of blood. Thetnoftfuc- 
ceisful treatment is to take oiF a ijuantity of blood imme- 
diately, and tlirow cold water on the head repeatedly. A 
ftrong llinuiliis, fuch as hartihoru, applied to the foies of the 
feet, has alio a very good eifed. 

The fifth and lail kind of fuel is wood, or foflil coals, in 
their crude Rate, which it is proper to diRiiiguifh from the 
charcoals of the fame fubllanccs. The difference confiRs in 
their giving a copious and bright fl.ame, when plenty of air 
is admitted to them, in confequenee of which they ihuR be 
confidcred as fuels very different from charcoal, and adapted 
to different purpofes. See Flamk. 

Flaming tuel cannot be managed like the charcoals. If 
little air be admitted, it gives no flame, but footy vapour, 
and cl diminution of heat. And if much air be admitted to 
make thofe vapours break out into flame, the heat is too vio- 
lent. Thefe flaming fuels, however, have their particular 
ufes, for which the others are far lefs proper. For it is a 
fad, that flame, when produced in great quantity, and 
made to burn violently, by mixing it witli a proper quantity 
of frcih air, by driving it on the fubjed, aud throwing it 
into whirls and eddies, which mix the air with k\('ry part of 
the hot vapour, gives a moR intenfe heat. "I’kis proceeds 
from the vaporou.s nature of flame, and the perfed mifeibi- 
Lty ot it with the air. 

As the immediate contad and adiem of air are ncceflary 
to the buriiiiig of e\ery combiidiblo body ; fo the air, when 
properly applied, a6ls, with far greater advantage on flame, 
than on the folid and fixed inflammable bodies : for when 
air is apjdied to tliefc laR, it can only ac\ on their ferface, or 
tlie particles of them that are oulermoit ; whereas flame 
being a vapour or elaRic fluid, the air, by proper contri- 
vances, can be intimately mixed with it, and made to ad on 
every part of it, external and intiTiial, at the fame time. 
This great power of flame, wliicli is the confcqucnce of this, 
does not appear when we try fmall quantities of it, and allow 
it to burn quietly, becaufe the air is not intimately mixed 
with it, but ads only on the outfide, and the quaniity 'of 
burning matter in the furface of a fmall flaitic is too fmall to 
produce much efFed. 

But when flame is produced in large quantity ^ and is pro- 
pel iv mixed and agitated with air. its pow'er to heal bodies 
menfely iucreafed. It is therefore peculiarly proper 
for heating large quantities of matter fo a' violent degree 
cfpecialJy if the contad of folid fuel nith fuch matter* Hr 
inconvenient. Flaming fuel is ufed for this reafon in many 
operations performed on large quantities of metal, or me- 
tallic minci ^s, in the making of glafs, and in the baking or 
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l^urnin^ of all kinds of earthen ware. The potter’s kiln is a 
cylindrical cavity, filled from the bottom to the top with 
columns of wares; the only interftices are thofe that are left 
between the columns ; and the flame, when produced in fuf- 
ficient quantity, proves a torrent of liquid fire, conftantly 
flowing up through the whole of the intcrflicesi and heats 
the whole pile in an equal manner. 

Flajtning fuel is alfo proper in many works or manufadories, 
in ^Wuch much fuel is confumed, as in breweries, diftilleries, 
and the like. In fuch works, it is evidently worth while tp 
contrive the furnaces fo that heat may be obtained from the 
volatile parts of the fuel, as well as from the fixed ; for 
when this is done, lefs fuel ferves the purpofe than would 
otherwife be neceflary. But this is little attended to, or ill 
underllooJ in many of thofe manufaftories. It is not un- 
common to fee vail clouds of black fmoke and vapour coming 
out of their vents. This happens in confequence of their 
throwing too large a quantity of crude fuel into the furnace 
at once. The heat is not fufficient to inflame it quickly, 
and the confequence is a great lofs of heat. See Labora- 
tory, 


FUEL 

It is a known truth, that fuel cannot confume by means of 
heat alone, Avkhout the admiflion of frefii air, j^d this is no 
way more clearly proved, than by this cafjr experiment. 
Let aftrong cylinder of iron, hollow within, |c fitted with 
a firm ferew at each end ; in the cavity of thij cylinder en- 
clofe a long piece of charcoal, an then ferew^ up both the 
ends fail, and place the whole in a ftrong firc|j let it conti- 
nue there for leveral hours ; and when it is t iken out and 
cooled, open it, and the piece of charcoal v fill be found 
ftil! black, in its own form, and no way appa itntly altered 
or dimiiiifhed. 

It is plain from this, that tlie ccnfiimptioi i of fuel de- 
pends upon the rarefaftion, diflodgment, bi ik agitation, 
and difeharge of its inflammable vapour, by nr^cans of 
frelh air ; and hence wc have* the reafon of tl known rule 
of extinguifliing fires by fmothering them. 

It M provided by Itatute, that wood fuel (ha| not be felled 
under the aflizt'. See Billet and Faggots. 



Fuller’s Earth 


I’ULl.KJXs’ Karthy in J\Iineralo\ryt SniriftSy Waller; 

Talcum fulhnum^ Wern. ; I'alrum Smc^/s, Linn. ; Fttiionta 
cowmuair. For 11. ; Sni'^^lUfy Haiiy; Terre a f oniony Fr.; 

Walker- KrfUy Gerin.^ Walk-leniy Swed. ; a fpecies of earth, 
winch from the predominance of iilex as a conUiincnt pari, 
(at Icall in the varieties analyzed by Bergmann and Klaprulli,) 
flimild be referred to the filiceous genus, though Werner, 
guided by what lie terms the ch:>rarterittic component part, 
places it in the firll divifion of his talc genus, together with 
bole, nati\ e talc earth , and cenme de mcr. Emmei ling places 
it ill his flint genus, in the fame manner as all the varieties 
of common clay are transferred by him to that genus. It 
is fruitlefs to enter on any difeuflion with regard to the place 
a foflil is to occupy in a fyftem, before all its relations, oryc- 
tognoftical, chemical, and geological, are thoroughlv un. 
derllood ; and this is more than at prefent can be laid of 
fullers' earth, wdiich, in common with other mineral fub- 
llanccs, denominated from the particular ufes to which they 
may be applied, is, both by coflcaors and writers, continu- 
ally confounded with other fubilances, efpccially with va- 
rieties of common clay. Hence it is that we find fo very 
contradiAor y* deferiptions of the cliara61ers of this earth. 
The following external characters are principally derived 


from the varieties found in England, in Saxony, (particu- 
larly at Rolfvvcin, at the foot^ofthe Saxon Ertzgebirge) in 
Aultria, Moravia, tlie Palatinate, Alface, and Silefia. 
Many of tliofe from other parts of Europe that w^e have 
had an opportunity of feeing in collections, appeared to par- 
take too much of the nature of common clay, others of 
that of Ileatite, while others again exhibited characters be- 
longing to varieties of marie. 

Fullers’ earth is generally of a greenifh colour, more or 
lefs mixed with brown and grey, together with a portion 
of yelivjw, by which varitius fhades of dirty olive green 
are produced ; fometimes the yellow predominates, and a 
ycllowifh grey appears, pafTing over (in the genuine Lemntan 
tftrth, which, as v.'c fhall Ihcw hereafter, cannot be feparated 
from fullers’ earth,) into whitifli grey. It is alfo found of 
various fli'ides of red ; that of oik lia is tile red, fometimes 
fprinkled with white end green f’.ots. Often feveral of the 
juft mentioned coloiuG are intimately, but mechanically, 
mixed ; which, in fomc. can be obferved only with the af- 
fiitance of^a magnifying glafs. The brown colour, both 
uniform and in Ipots, is generally owing to an accidental 
admixture of iron ochre. 
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It has bcfn found mafTive only, fometimcs conftituting 
whole fletz-llrata. Large mafFes, on being leparated, ge- 
nerally difiinite into fmaUcr pieces, when expofed to the in- 
liueiice of the atmofpliere. 

Internally it is more or Icfs dull ; its fradlure being earthy, 
generally of a fine grain ; often it appears perfectly con- 
choidal, and even flaty ; but commonly the fragments are in- 
determinately angular and bhint-edged, and in the latter cafe 
perfectly opaque ; in the purell varieties the edges are 
fometirnes traiitlucent. When fcratched with the nail of the 
finger, or cut with a knife, it becomes fmooth and fltining. 

It is very foft, almoil friable, and mild ; feels more or 
lefy greafy, and fcarcely adheres to the tongue. It docs 
not loil. Specific gravity about 2. 

Genuine fullers’ earth does not effervefee with nitrous 
acid ; nor are all varieties of it inllantly reduced into powder 
by that acid. But fmall pieces put into w ater almoft in- 
ftantly crumble into conical lieaps of minute, very foft par- 
ticles, without producing a crackling noife, as is the cafe 
w^ith bole ; neither does a foaming take place, as has been 
copied by moll authors from Cronlledt. w'ho attributes this 
quality to a fullers’ earth found at Ofmiind in Dalarne. 

Though fufible per fcy it requires a high degree of heat : 
that of Hainpfliire, according to Klaproth, melted in the 
cliarcoal crucible into a denfe, dark-gn'y, opaque flag, 
which had loll 0.25 of its original weight, and contained 
many grains of iron. In the clay crucible the fame was 
reduced to a clofe, blackifh, green (lag, with foft, reddifh, 
piindtated furfacc. Mr. Broiigniart fays, that of Woburn 
melted into a flaggy mafs at 120^ of Wedge w^ood’s pyro- 
meter. The variegated kind of fullers’ earth (according to 
the late Mr. Wiedenmann’s experiments,) acquired before tho 
blow^-pipe a grey, or greyilh black colour; and a w'hitilh 
variety, thus a6tcd upon, became Hill whiter : but neither 
of them mariifefled any figns of fivlion, except at the fharp 
edges of the fragments. The fame appears to hold good 
with all genuine varieties of this mineral fubllance; w’hcnce 
the obfervation of the late Mr. Fichtel, that the true fullers’ 
earth melts w^ith great cafe before the blow-pipe, often 
w ith ebullition and increafe of its bulk,” is undoubtedly 
founded in error. 

Bergmann was the lirft who analyzed w'hat he llyles fullers’ 
earth, from Hampfhire ; and all fubfequeiit mineralogical 
writers have followed him in mentioning that part of Eng- 
land as producing the fubllance in quellion ; it is, however, 
probable that the accurate Swedifh chemift was mifinformcd 
as to the county ; though, from the fatisfaelory defeription 
he gives of its external charadicrs, it is fufliciently evident 
that he operated on an Englifh fullers’ earth. The refults 
X)f his analyfis w^ere 

Silica - - - 51.80 

Aluniinr - - - 25.00 

Lime . - - 3.30 

Magnefia - - 0.70 

Oxyd of iron - - 3-70 

Water . 

The variety lately analyzed by Klaproth, wliich is well 
afeertained to be. from Ryegate, was found to be com- 
pofed of 

Silica - - “53 

Alumine - - - 10 

Oxyd of iron - - 9.75 

Magnefia - - 1.25 

Lime - - - 0.50 

Muriate of foda - o.io 
Water, &c. - - 24 

Kali (a trace only) 

98.60. Klap. Bcitr. vol. iv« 


FULLERS’ EARTH 

We are indebted to the fame celebrated chemift for an 
analyfis of a Sileiian fullers’ earth, the external charadfera of 
which agree pretty well w'ith thofe of the #ther varieties, 
except that its colour is tile-red, like fome va|*ietie8 of bole, 
either pure, or fpolted and veined with whi^e and green ; 
which colours, before the blow-pipe, give wa^ to a marbled 
browm. Hundred parts of it contain 


Silica - - . 48.50 

Alumine - - - i5-50 

Magnefia - - 1.50 

Oxyd of iron - - 6.50 

Oxyd of Manganefc - 0.^0 

Water, &c. 25.^ 


Muriate of foda, (a trace only) 

98. Klap. i^itr. vol. iv. 

We monlloned above the Leniman earth a| a variety of 
the common tulhrb’ eari’n ; but it Ihould be ui derftood that 
three diilinCt lubftain comprized byj the ancienfiH 

under the name of Terra Lejinua. Tn cjuJi,” fays 
Galen, fignantur dlTeivntnr mia qiiam p< hirnus terrae 
facra*, qiiiun alii nenniii, pr.eter nnam iacerdote :i, contingere 
fas eft ; altera vero cjus quT reveia Miltos eft ive Rubrica: 
utuntur autem ea potilnmum fabri : demum )rUa ejns ex- 
tcrglt ; qua uiuntur qiu liiitea ct vefteslavant, uibus itiquc 
collibitum eft.” The nature of liie three l^ds of earth 
alluded to in this paflagc has been placed in I clearer light 
by Klaproth. found of them, called Mill ps, W'us a red 

earth applied for the purpofe of painting, he third ap- 
pears to be the fame vvliich is mentioned by ny under the 
name of Cmoluiy as an excellent fubftanci* for fulling : but 
it contains no magnefia. (SeeCiMOiJA.) B tthe^^of 
the varieties enumerated oy Galen, is the t 4 j e terra 
latUy recommended as early as the time of Himer for the 
cure of infedlious difeafes, and ftill celebrated in the eaft 
for its imputed medicinal virtues. At the time of Diof- 
corides it was mixed by the priefts with goats’ blood, and 
marked with a ftaiu]) reprefenting that animal ( ctr; or ) • 
and ftill at the prefen t day this fubllance is dug up in the 
ifiand of Lemnos (now Stalimene,) once a year, namely, 
the 1 5th of Auguft, the day on which the Gn eks celebrate 
the fellival of the afccnlion of the Virgin ; the clergy and 
magiftrates, after fcvcral previous religious ceremonies, 
fuperintend the excavation of this fiibftancc,w}iicli is immedi* 
ately formed into fpindle-lhaiied balls of one ounce in weight, 
and marked wfith a foal bearing the name of the earth m the 
Turkilh language. This fubllance (which Ihould not be 
confounded witli a kind of bole of the fame name, which ia 
generally found nidulating in bafalt and bafaltic w’^ackes) is 
of a whitllli-grey colour, with ferruginous fpotr, on its 
fmooth furfaces. Put into water, it emits air, and foon 
crumbles into a loofe heap, exadlly like the comnion fullers’ 
earth, to w hich, notwithllanding the flight difference in tlie 
refults of the analyfis, it may, according to Klaproth’s opi- 
nion, be confidered as fiibordinate. The genome Lemnian 
earth contains in hundred parts 


Silica 

66. 

Alumine - 

14.50 

Oxyd of iron 

6. 

Lime 

0.25 

Magnefia - 

0.25 

Natron 

3-50 

Water 

8.50 


99 Elap. B(|tr. vol. iv. 



FULLERS’ EARTH 

Tlic fullers’ ciirlli 13 found in Eni>l;uul, cfprrially 

PuK Li'u^hainrnirts IV'diordfhn r, M'jrvy, \\cAi .md Nv>tting- 
hair.tViire. The fidlowiiit!,* localities :'u hkewilV mention' d 
in the difierent fyOerus of uiiiu'i :‘loj;y ; but \m.* taiiiiot \onch 
for the correelneb; t)f all or them, linee niMny fiibiumee.s lia\e 
b.-Cii called i)y the name of fi liers’ c irtli, that» 
caily fijcakip;.;, ;\pjH‘ar to heve no 4 l.nir. ; to i‘. iXtijluu 
( Karllb'in, Gortz); Cioa^^ia ( B llowar); IVane' (Rlttemn, 
ViTmti rhaubii, iii Alface, t'W.); ]iiu>^rarv ( I u.‘fk:rt lien, 
Moravia; Nemvnrk (Z.llcii/i, DiolKn); Palatinate 
( Kit nihar/); Pvnneranhi (Star|rard); Saxony (RolTat'in, 
jol»an-Geor|renlladt, Schonbery;) ; Silelia ( R ie^rt r(do» f, 
Nimptfch); Sweden (Olmundher^r Sttua (Ciliy and 
'J'lralberg); Swit/a rland (territory ot Z’lrii li and Bt rne) ; 
Traiifylvania (Tliorollko) ; Wineinbv rg ( Set lung), &.c. 

Thegeognollic relations of fi llers’ eartli are not yet fuiTi- 
ciently afeertained to en.ible llio geologlll to derive any 
general refultsfrom th: nu 'Idie relative age ^ f the diiferent 
formations appears to be as little undrrilood, as tlic mode 
in which they have orlgliiatt'd 

In Saxony, whore it is found in extenfive beds, it appears 
to owe its origin to the dlfmtegr.itiun of rocks of tlie ]ui- 
initive trap formation of Weiner; that of Roflwein is fub- 
ordinate to green flone flate. In the Upper Palatinate it 
alternates with layers of clay aiul porcelain eartji. In Eng- 
land it occiirs principally in beds, and in lirata alternating 
v ilh or rellmg on land-llone, the geognofiic reLition of whiclt 
is not yet determintd. i\t Wavedon in liuckuighamfliirc, 
on the bordiTS of Bedfordlhire, where the purcfl fort is 
found, it appears to occur in ih'- newer (let /-formation, fidi- 
ordmate to laod-ilone. Eio n the fiirfici’ of the earth, to the 
depth (d fix hit, leveval la)<r;i oi laud arc feeu of va**iou8 
fhades of reddilh, uu'kr which tlure is a tliiii llratuin of 
fand-ibrnc vsliich rt lls mi the fullers’ e.irth. 'i'hc upper part 
of this latter, which i> in contiul, and mixed with the fiijicr- 
incumb'tnt indurated faiul, is called .7c//^-c liy tlie workmen, 
and throwm away as ideltfs. Tot! is luceetds a dratiim of 
thegootl fullers’ caitli, being about eight feet tint k, and fiib- 
divided by horizontal rifts into other lavers of nearly one 
foot and a half in llik'knefs. Tliere is generally a ferrugi- 
lioijs i'liblUmcc depohted on tlie rifts, which penetrates pait 
of tlie layers ; and the earth, fo tinged, is called crop b) the 
woikrnin, wiiile the part unimpregnated by it receiveb the 
name of <ivaU-eartJu Under the fullers’ earth is a flratinii 
of coarfe white land-ftone of about two feet thieknefs. 
The Englifh fullers’ earth is of much newer formation than 
that of Saxony ; as is tliat of Moravia, which appears to 
Eelong to tlie alluvial formation. 

The principal ufe to which fullers’ earth is applied is 
indicated by its name, (fee art Fi’T.ijnc;.) The quality 
it poflefl'es, of depriving cdoths and otlier Ruffs of the great 
and oil ufed in their preparation, apj)ear8 to be derived 
more from the argillaceous than the other ingredients ; and 
Mr. Kirw'an thinks that the union of the lime and magnefia 
(which in Bergmann’s opinion is chemically combined with 
the aluminc, and not nuchanically mixed, as in marls) is 
ufefnl only as contributing to the prompt difrufibility of 
this earth, which particnlany qualihes it for the purpof- to 
which it is applied Kveryclayth.it has feme uiRtuofity, 
(w'hich manifelts itfelf by the polifli it receives by being 
nibbed with the nail,) and the filicenus ingredients of which 
arc very line, may be ufed for fiillmg ; but it does rot 
follow that all fuch clayey earths as agree in thefe tv o 
cliarafters, and the economical advan age derived from 
lliem, fliould of courfe occupy the fame j kwe in the fyllem. 
Fullers’ earth waS formerly au aiticle of the greatell import- 
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anec in England, wbenc' il*. exportrlinn was ]>vobiblted 
under fevere jienaUies ; bat of bite it IiU'. l;een luperledcd by 
other fuhilances, jiarlicnl.irly h.ap. — K. 

Weiibjoin li»n.e obfervatiiius on the fubjecl of fullers’ 
earth, communicated by Mr. Earey. 

“ Tln^' mineral is foiiiid in tliree places at leell in the B”itilli 
ff*r3»'*s of ilratj, tie- iijipenr.oll-'.of wliuli i:;, in the land Rrata 
llr\t uiid nlay the chalk, and are expofed to view' by the great 
K 'nt, ami S'nry dcuuddUmij (Ice that article,) at 

the fool or foutliern Ikirt of the North Downs, at various 
jdaces mar Ry.'gat*', Gociilonc, 5:c. and from wl*cnce 
Etnidon is pi me itially ruj)pb( d w ith tlie article, tl'Oiigli tlie 
quality of the carlli and ibicknels of the feam (which varies 
rnueh in differert plriec*^) is greatly iiiRrior to the next 
fullers’ earth ftratnir, found near the lower part of the 
givat ferruginous faiid ilrata, (which Mr .Smith has deiiOTni- 
nated iIh- \X^obiin) fancl,) in which fullers’ earth is now dug 
in the greatell perfection, at HogRye-eud in the parifh of 
Waverdon, Bucks, near Woburn. Eonuerly it w as dug alio in 
Afplcy Guile panlh, in Bedfordfli'ie ad’oining, but the 
works theie are difconl imied. Below' this Rralum of fullers’ 
i n th, whidi fometimes jvroves of fevi n feet in thieknefs for 
fome diRanees together, is a lingular grecnifli chert z Rone, 
with a rhomboidcU fracture, wliich feems very cliaraCteriRic 
of tins Rratum. In dillant counties, like Eincolnlhire, wherein 
we have examined it, about Bolingbrcke, and to the N. and 
N W. of lliat place, we find this and the accompanying 
Rrata vtiy liinilar to thofe of Bedfordfliire, although llic 
fulKrs’ eaitli is licre lo thin and imj>erfeC^ in its quality, as 
mit to be known by that name, but rather as a clay feam 
which holds up their fpriiios of water in tlie fund diffricl. 

It may alfo be vvorthy of remark refpedling this fullers’ 
earth llratum, that petrified or liliccous wood (jccnrs in tb.e 
ferruginous land and fand-Roiu* bebnv it in great plenty and 
perfcClion, and furnilhcb moR of the perfLCb fpecimejjs of 
tliis kind from Afpley, Crawley, and otl or places near 
Wkibiirii, which are to be met with in the cabinets of the 
curinuH. 1 fow the Ruricsed the |•.('lrifying fpriiigs at AfpU y 
which oecalioned them, as it is laid, came lirll into circulation, 
we are uiiuble to trace; but certain it is, that the inhabitunt.-i 
of ibitt village diiclaim any' knowledge of fuch fjirings or 
petrifying waters, except whatlxioks and credulous travel- 
lers have brought to tlum. It lias often ixciirred to the 
\M iter of this, ibat theme might, at fome period of the carth’5 
foimation and confohdation, have been a conm clion betw'eni 
the /7/f.v whith abounds in fuch quantity and fo very” irimitc 
a Rate of divifion in the fullers’ earth, and that which has 
fo perfeiltly' taken the place of tin* pieces of wood, lodged ill 
the kmd below it, and perhaps tilled the intcrRiccs of the 
chertz fand-llone above mentioned; but that fuch took 
effe4!’K in too gradual a manner to be ever noticed as ajpetri- 
fying fpring on the furface, as the Rories above mentioned 
have maintained. The examination of fome hundreds of 
fpecimens of this petrified wood in Afpley and Crawley, 
fome many feet in length, and a foot or more in diamet^m, 
has not feeincd to furnifti data for referring any of them to 
the know'll woods of the profeiit race, or to contradict the 
theory advanced in our article Collieiiy, of fuch being 
part of the arboriferous trunks of fiib-aqucous vegetables ij£ 
the primitive creation, whofe rr/iywiVi they arc, and by which 
alone their exiRonce can ever be known to us, and not frag- 
ments of any of the trees w'hich, now, or at any period, did 
occupy or grow^ upon the dry land of our globe. 

In Somerfetfliire and other counties, a Rratum occurs 
between the rocks of the Bath free Rone Rrata, which is there 
called fullers* earth, and poflefles its fcouiing properties ; 
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ts indeed other ftrata do which are not called fullers^ earthy 
particularly one in the alFemblage of ftrata below the clialk, 
tilled the chalk-marl ; from which a faponaceous whitKh 
clay is got, and ufed by the country people for ex trading 
greafe, fcouring greafy kettks, 3fc. There are doubtlcls 
Other ftratci in the Britifh feries which poffefs thefc proper- 
ties, in a greater or lefTer degree, but the modern improve- 
ments in cncmiftry and the arts have rendered fullers’ earth, 
of even the bell quality, of coaipuratively fmall importance, 
to that which it had wh'm pariicular ftatutes were judged 
i}"c- Jarv for prohibiting its exportation, under the levereft 
pci] il’ies, 

Fnlh-rs’ earth has been deemed abfolutely neceftary to 
llie well dreffing of cloth ; and hence foreigners, though 
they can procure wool to be clandeftinely exported out 
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of the kingdom, can never reach to the perf^dion of the 
Euglifli clothi, &c. without fullers’ earth, t?^'hich is very 
plentiful in England, and excels that of other countries in 
quality, as much as in quantity and cheapnffs. For this 
reafon it is made a contraband commodity ; ^id the export 
made equally criminal with that of exporting |^ooh” 
Thiseirth is reckoned by fir PL Plat, and Others, a great 
iinpnner of land ; and confcquently proper f ir being ufed 
as i manure where it is found in fufficient qii iitity for that 
ap:»l cation. It is probably the moft adapto , to the more 
ligii forts of land. 

i'iuA.K\CiiTL'i/llef \n jlgriculturef ihe comm|)n name of a 
plan cultivated in the field in fome diftrids, for its ufc by 
the inaimfadurcrs of fome forts of cloth, as aibrding a fine 
vctrrtaldc hook, kc. See Teasle. I 



Fullery & Fulling 


FULLERY, a work-houle, or place where cloths, &c. 
are full(*d or feoured. The term is principally undedlood 
of the fulling-Tnill. 

FULLING, the art or aft of clcanfing, fcouring, and 
prcfling cloths, (luirs, and ilockings, to render them llronger, 
clofer, and firmer ; called alfo milling. See Elkaciiing. 

Pliny, lib. vii. cap. 56. allures us, that one Nicias, the 
fv)n of Hermias, was the firll inventor of the art^of fulling : 
and it appears by an infcription quoted by fir G. Wheeler, 
ill his trav.-li ihroiigh Grcfxx*, tl»at this fame Nicias was a 
governor in Greece in the time of tlie Romans. 

* The fulling of cloths, and other ftiilTa, is performed by a 
kind of water-mill ; thence called a fu^ig or fcouring-mili 
Thefc indis, t^u'ep'ling in vliat relates to the milMlones 
and hopper, ..rr mueh the fame ith corn-mills. And there 
arc ever fomc w’llch fcive mdilTerontly for both purpoies; 
corn bt teg ground, and cloths fulled, 'by the motion of the 
fame v/heU. 

H nee in fomc ])lac“S, particularly France, the fulkri 
are called millers ; as grindmg corn, and milling ftufTs, a 
the fame time. 

Fulling Mill, in the M.wufaaures, is a machine em- 
ployed fur winnng, foiu-ing, or fulling of cloth, cither 
with a view of ckanling it, in which cafe it is termed fcour- 
ing, or for tke purpofe of tlucki iiing woollen cloth, worilcds, 
^cc. when it is milling; in cither cafe the fulling- 

mill employed is the fame : its operation is to coutlanlly 
agitate and expofe a new furface to the aftion of water or 
othw inenftrua, willi which the goods to be operated upon 
are eonilantly fupplied ; tliis is performed by two beaters 
or mallets, which are fucceffively raifed by the aftion ol 
a water-mill, or ftcam-enginc, and let fall upon the cloth, 
which they ftrike and turn over in the trough where it is 
placed ; a conftant ttream of water palling through it, 
carries away the dirt and impHrities which are loofened 
from the cloths by the agitation of the mallets, or ilocks, as 

they are termed. • 

An infpeftion of P/d/e XXIX, Rlecoantcsj will give a 
clearer idea of the conftruftion of this machine. Herc/^. 4. 
is a perfpeftivc view of a pair of flocks, or fulling-mill, 111 the 
aftion of fcouring a piece of goods ; the other figures are 
explanations of the parts of the machine by a feftion, 
fig. 5. and elevation, fig. 6. A fidling-mill generally con- 
tains four, fix. eight, or ten pair of flocks, accordnig to the 
quantity of work it is required to perform ; thefe are all 
moved by the lame water-wheel, or fleam-engine : in the 
former cafe, the axis of the water-wheel is employed to move 
two or three pa.r. wl.dft the others receive their motion 


from one of two fimilar and parallel /liafts, turned by cog- 
wheels from the Hiuft of the water-wheel. A portion of 
thi.s ihaft is reprfl’entcJ at A in the plate, beneath the floor 
of the mill; and the cog, which gives it motion, is denoted 
by N, fig, 4 : it revolves upon gudgeons at its ends, wliich 
;ire fupported on brafles refting on tlu* frame work or ma- 
fonr\ , a.s Ihewn in 6. Four levers or lifters, B, B, D, D, 

: re fitted u])on the fhaft which alternately, as they oafs the 
bef-ters E and F, lift the in up, and they defeend by their 
own gravity : thefe beaters are formed from a large block 
of wood E and F. affixed to a long Horn G, moving on a 
ccMitre at g, which is fupported at the top of the frame H I K 
of the whole machine ; the principal part of tliis is a large 
block of wood H 1, holloived out into a large cavity a a, 
for the reception of the cloth ; this is termed the trough. 

K arc pieces of wood fixed to the piece FI I, and curveiTlo 
a fegmont of a circle ftriick from the centre^, on which the 
beaters move ; in the fpaccs between thefe beams tlic ftems G 
of the beaters projeft fo as to be intercepted by the lifters 
B, D, as they revolve ; the beaters are alfo curved at 
the lowed fide to the fame circle as the beams K, fo that 
they apply as clofe as poffible to each other without touch- 
ing ; this is necefiary to prevent the cloth getting between 
them, and being pinched or cut thereby. Hie ends of the 
beaters, which aft upon the cloth, are armed with three fmall 
boards at A, i, and k, Jig, 5. which projeft like teeth, and aft 
more cffcdUially to bend and dilhirb every portion of the 
cloth placed in the' trough a a. The beaters very clofe to 
each other fideways, that the cloth may not introduce itfcif 
between them ; and in the fame manner they fit the fides of 
the troiigli, formed by boards nailed to the block H I, and 
the beams K, which alfo give a great flrength to the ma- 
chine. At one fide thefe boards are not fo high, for the con- 
venience of taking the cloth out of the trough ; but w^hen 
the machine is in aftion a moveable board M, fg, 4. is placed 
on the top of the lowed fide, to raife it to the fame height 
with the other, and prevent any danger of the chith getting 
over. R is a pipe bringing water to the trough, and fur- 
niflied wnth a flop cock to regulate the fupply ; the pipe pafled 
through the back of the brock H I, and the w ater ftriking 
againlt a board placed before the aperture, it falls down 
in a (heet upon the cloth, and keeps it conftanlly faturated. 
When the cloth is to be put into the machine, a workman 
with a lever fupported on an iron hook h receives the beater 
when al the higheft point of its motion, and prevents its 
decent ; he then thrufts a long iron bolt r, fig, 6, through 
a hole in the beams K, and by that means retains it; the 
oilier beater is then taken up io the fame xranncri and Ft « 
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lain^dbythe fame bolt, bclnp^ puflicd farther forwards; the 
loofe board M i^i now rcmoM*d, jnnl i)k‘ f loth thrown into 
the trouglw/rt; the bcatera aie tlwii let in motion by re- 
moving tlie b(dt r, v/Iilcli laid tliem iij). As the fliaft A re- 
volves, the lifccrs ahiinauly eni;a^i;e one or other ol llic 
beaters whicli fall', agaiiill the cloth, and, flriking it at tl'C 
under fide, thnilts it nj) into tlu- eui ved part of the trough a //, 
and hy that means it hills down \ipon the head of the heater ; 
when tlie lifter raifes the beater another time, the clotli falls 
into the fpace Ii'ft by it", being raifed ; in this miuiiwr it con- 
tinues turning the cloth over in the trough, and ilriking it 
by its teeth /i,/,/, fo as to wafh it thoroughly. As the two 
beaters fall alternately, tliat is, one is up wlien the other is 
down, the cloth is alfo turned round diagonally in the trough : 
by this means, after nulling a ]»lece of chnh for fume hours, 
tlierc is hltle chance but that ( very part Ihtill be lubjetHcd to 
theaiflion of the beaters, thougJi a whole ]>iece i& ui adlion 
at once, and confecjuently folded in innumerable creales. 
The water which enters at the upper end of ilie trougli be- 
neath the loofe iioard a*, (wliicli is intend(‘d to f])read tlie 
water out into a thin fhect, that it may fall equally upon the 
w'hole of the cloth,) efcapes (lowly through the grooves be- 
tw'een the beam K, in wdfich the Hems G move, cairying with 
it all the filth contained in the cloth ; it falls into a pit repre- 
fented by the dark fpace in ft^s. 5. and 6, in which the (haft 
revolves. This pit ufually lias a communication with the 
water of the mill, to wafii away the fedirnent w hich accumu- 
lates in the pit, from the foul water continually falling into it. 
I’lic machine is fixed over this pit by a tennanl at tlie lower 
part of the block H I, which is bolted between two beams 
L., L, fupported on niafonry ; M arc two braces to fuflain 
the ends of the beams K, and keep the whole machine 
firmly in the fame pofition : tlie beams L, L, are extended 
to a confiderublc length, and have three or four machines 
placed parallel to each other between them* 

The true method of fulling wfith foap is delivered by 
Monf. Colmet in an authentic memoir on that fubjc6t, 
fupported by experiments made by order of the marquis de 
Loiivois, then fuperintendant of the arts and manufadlories 
of France. The fubflance of w hich we (liall here fubjoin. 

Fi;lling, Cloth and *woollen nvith Soap, Method of, 

A coloured piece of cloth, about forty-five ells, is to be laid 
in the ufual manner, in the trough of a fulling-mill, without 
firft foaking it in water, as is commonly pradifed in many 
places. 

To full this trough of clotli, fifteen pounds of foap are 
required ; one half of which is to be difTolved in two pails of 
river or fpring-w^ater, made as hot as the hand can well bear 
it. This folution is to be poured by little aud little upon the 
cloth, in proportion as it is laid in the trough : and thus it 
is to be fulled for at lead two hours ; after which it is to 
be taken out, and ftretched. 

This done, the cloth is immediately returned into the 
fame trough, without any frefh foap ; and there fulled two 
hours more. Then taking it out, they WTing it wtU, to ex- 
prefs all the greafe and filth. 

After the fecond fulling, the remainder of the foap is 
melted, as the former, and caft, at four different times, on 
the cloth ; remembering to take out the cloth every two 
hours, to ilretch it, and undo the plaits and wrinkles which 
it has acquired in the trough. When they perceive it fufli- 
cicntly fulled, and brought to the quality and thicknefs re- 
quired, they fcour it out for the lad time in hot W'ater, keep- 
ing it in the trough till it be quite clean. 

As to white cloths ; becaufe thefe full more eaftly, and in 
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lefs limej than coloured ones, a tbird part of Ihc foap may be 
fpared. 

Ftmjng of Sfochhi^s, Cap^, ma) h" ]>crrormcd fimv*- 
what diffcicnlly ; \i/. eitii^r Wiifi i1l len t r*r the liaii^h, ; 
on a Kind o( or woodt-n t ilii' r arn.c d with 

Itvtli uf tilt* faint malLcr, cr elib with liorfcs or bullocks’ 

tect}*. i 

’i'll'* ingrt dieii'. made ufe of ar^ urine, givf’i’. foap, 

vvlnlc foap, and fullers ’-earth, liut waLrioftLnefi with chalk 
is far jircfei lole. | 

Note, w\jven dockings, &c. fiionld 1 : fulled foap 

alone ; for tliofe that arc knit, fullers’-earl t may be umd with 
the (o:ip. 

Itideed, it is frequent to full thefe 1; |jds of w*orks with 
tlie mill, after the ufiLi] maimer uf lIoIIki .c, Lul that is 
too coarle and violent a manner, and is to damage the 
work, unlefi. it be very (Irong. 

Fi LLi\(., in tile of Hats is the rompletijit 

of felting (vvhicl) lee), and 1ms lor its ci ih intimate 
connection of the fibres, and a more p jrfe\ 5 l and durable 
colicfion of the a. hole mafs. For thi^ purpofe tlie mere 
mechanical aCl of prefTure is inlulficieii' In ih’s wav the 
relult would be a formlels mafs, withou coidilb i 
perieiKv (fiys Clrauirier, cited m N holfcn’s imai, 

vol i.) has long (licw n, that for the fu® it is ^1' y 

to make life of a bath of water heated 1 rar ^ to ebiihiticn, 
into which are put 10 or impounds ol lees of win?, for 
each hundred pounds of water. Th( he.*t is kept up 
during the whole time of working, and very three or four 
hours a new quantity of lees is added Intv) this bath the 
W'orkmen plunge their felt, and begin t eir fecond procefs 
The felt is dipjicd in, and iinmediateh aj am t'ik»*n out :md 
fquee/ed, bended and rolled, by preiriiri in different diiec- 
tions, foin.'tiines wuth the hand defi. ■>d|d I /y leatJier, and 
fometimcR by means of a roller or other Similar indrument* 
The immerfion aud working of the fell are repeated, and the 
operation contmued, till the dull’ is wa ll condeiiled, and hits 
acquired the requiiit'* folidity. 

Since the operation of fulling is em]>loyed to form a 
deiife and compa6l duff with the fibres or hairs, and to 
determine the intimate cole^fion of its cornjionent parti ; 
and iince the mere mechanical operation is not (iillicitnt for 
this purpofe, even wdth the aflidunce I'f a water-b:ith at tlie 
boiling heat, wdlbout tlie addition of lc“s a,, a necr^firv con. 
ditum ; — this lad miiil be conlukred a*, a cliLP- cal folvcn*^, 
wdiich atfs directly on tlu* fublLmce of the hair.-, tlu-mfi l\i s, 
and produces, either by fofteni.ig (u* lAclln.g tliem, an 
alteration iiecefiary to mliire the colui on of the diih rcnt 
fibres of the duff, liut tlie lees bi aig cnmipofi d of the 
mucilaginous and colouring parts, which are feparaled, to- 
gether with a gnat quantity of tartar, or the aeidulo.is 
tart rite of pot-aih, it became iiecelfary to nfeertain, in a 
pofitive manner, w'liat miglit be the prii ciple of its acrion. 
The editor of the Eiicy^clopedic adirnis v. itliout hriilaliin, 
that it is the alkali or pot-a(h of tlie lees winch determii cs 
the fulling. Bui in order to fliew (fa)sMr. C.) bt w 
erroneous this alfcrtion is* nothing n.ore is neceffary than to 
dip a piece of blue paper into the bath, by wiiieh the former 
becomes indantly ivd ; and if, after fe\eral hours’ work, 
the date of the bath be again exammed, it is found that the 
acidulous tartrite of pot-aih is partly aud the 

workmen foon perceive, from the diifuSitUy of cont Inning 
their work, tliat a new quantity is rcoiiued to bv addecH 
And again, if wc confider the fpariiig foliibijity of the acidu- 
lous tartrite of pot-afb in cold water, it eatfil) den vA\y in 
this procefi the water mud be kept nearl|' boiling. Wht nee 
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It Is rviJcnt that it rniifl ixR by thi* portion of act late whicU 
it contains. Hence onr antlior vvic. imluc^^d to tlnnk, that 
the fulphiiric acid might be advantageoiifly fiibllituted in 
the place of tl\c Jees ; and 12 pounds of lees are ufually 
added to 100 of water, he elninated by approximation that 
one gro^. of fulpliiiric acid would he c\juivalent to at Icafl 
one ]*onnvl ot the lees, and co;iK (jUi till) lltal 1 2 gros (d 
fiilphuric af'd wouhl hi‘ rudicieiit For loi.) pounds oi water. 

eol1jel'“tu‘'^ s van h-on eoidn . v d 1 ‘n experiment ; and 
Uih I P I' we aC et i.iii'i, d lliet th< i;i • (d the iiil- 

pliuric acid is iinuli ].ref' lalde to tii.il of ,\iue-l'‘es ; that it 
is not only mu^h lei nt ei'omnme.d, bid f, di nu>re coio'-nient 
ii, tin life; ,'i]n\ \ ha' J' w t nior ; iinpoi (ant, tlu' li'Siiih oi 
t''e \''orki.nn '.noi n ’jiiosi b' th-e\''-!s end diiratioe oi 
till li'Sit, iLi \ .Old ll.t d.bpii' .ig odoiij , :in fi 

I d:ia!(S innnilie hath, ji.irriud.r .y whni tin lees luue l^'ui 
ab'-red ]v' niouldinef- anal iu' 1, x^liuh i-. \er', ( oin- 

in )'i 111 nu.iji.i 1*' L>)j s A’x k ii t) e iiii; liu^'U atid 's 

t'l'vplovv'd. It uul'l'l'to k •< p the b.’^h iiea'lv bailin '., as 
\\A> 1 )i 11 ' lb d')P‘ . A d' \ vd Ik (li ol 2 ^ or pe ilegrus 
(«';i (■)' K'j o‘ Ikihi.ni. ,; ) is li.'heieid for good fiilLrig. 


'I'he faviiig of iut 1 is an <d'je(^t oi impoitance in inaiiii- 
taCtori. s ; and as verv Intle lire is necn Fkiry when fuljihuiie 
acid is tiled, Lauldnsr; of lead may be fii])ft)tuled inllead 
of ct)pper-l)oder‘ , tlie lird coll and annual ropviir of \^lllch 
are very conlideralile. 

The feits preprued hy this new procefs are alFo of a very 
fupi-rior quality to thole wliieh ha\e been worked in lire 
haili will: wiriodi es. In fa^i, the mucilaginous and colour- 
ing matters of the lee^, wfiuli are fulpended in the bath, 
pcnetrati' the texture of the Hull, and adliere witli miUT or 
lefs force ; and w lien, after havnig jialled the hats llirongli 
the d\e, they are beati n, a line bktek dull flies off in gicat 
abundance, which not ojily ueakims the tt'xturc of the felt, 
[ml hy difiidiug ilfelf tluoeqdi the niamirai.dory greatly in- 
fommodes the workmen, and frequently occaiions coughs 
and dilorders of the throat. 

Hats f'hed in tins nianimr, fays a maniifac^lurer ivlui 
had adojited this procef-, an not only clear of the jiowdei* 
wliith ah >unds in the otlars, hut they take the dye better, 
and are (.hainer. 
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FU KNACK, an uU-nlil, or vclFcl, proper to contain fnc, 
or to raife or maintain a ^cheintml tire in, whether of coal 
or wood. 

There are diveis kinds of furnacer, of various forms, and 
for Vcirious uiej». 

The domollic furnace, ufed in making confedioiis, &:c. it 
ufually of iron, or earth. 

Thofe iifed by the goldfinitliS, refiners, Sic. arc mucli 
larger, and of a difterent llruduie. 

Thofe wherein hme, bricks, ^c. are burnt, are called 
kilns. 

Ki'u.v\rK, in general, means a velTel or place in which 
high, or long coniinuetf heat can be applied in eliemilliy, 
ill the arts, and domellic economy, and thele are either 
fixed or portable. 

Furnaces arc principally divided into two kinds, thofe 
which ad bv the drauglit of a chimney and called air or wind 
furnaces, and thofe in x.'hicli the air is forced in by bellows 
and called hlnjl furnac»*8. But before we gixe dclcriptidis 
of the different fiirnact‘5 ufed in various cluinical and other 
operations, we flrall give a brief outline of their general 
principles, firff prcmillng that furnaccii commonly confift 
of three dilliiiA parts ; a bi>dy, or cavity to contain the 
fuel, a chimney to cimry off the heated air and finoke, and 
a rcccj)taclc under, and feparated from the body by a f/ate. 


and called the alh-pit. Although the conllrin tii u of 
furnaces is a fulfieCt ol the greaUdl inijiortance to thole em- 
ployid in chemical and Jiwtallyigic opiTjtions, we ve; do 
not i!(u! that any ( lieiiurt or Ollier })hdofi)phical wrii'er has 
g u-n ji! i’H..ple' , (‘p (Hv ilhiig hk‘' a theory, from which 
rah-s might he ded-at d lor the ( oiill ruetion of n furnace 
or .ui\ kind, that ihojld \uih certamt* fullil its intention ; 
*uii a perfou, vvifliiiig to huiM a tuni.icc, hits hilliiTto had no 
olhei guivle than tint of i, iking tire exad dimenlions of fome 
crhcr furnace, ihel by mere gii»'l‘> la. bicn fo conllrud^-d 
a*, to iVA v\elh (Fie fact we may ule as a general rule, 
that IS, that lilies* the heat is generat' d hv c<uubuilion, it 
mull he the great' lf w le n the gn-atell ijuantitv of fuel is 
coniumed in tlie leall time, and when l!ie fud is in fufll- 
e’ent quantity, tire heal will i)e in pioporMon to the (juan- 
tity of oxyg<*n paiilng throm.^h tie* Iik* in a gisen time. 

In fiich a furn sec‘ as we li.ixe juil poiiued out, w'ith a 
view to <h fine til * paris, it* the fire* be knidied, the air in 
that jiart will heeoiue fpi'cilically M iler, and will there- 
lore alcend ; the place of the afeendingj air mull be fupplied 
from below, and if then; be no opcmii||bclow, but through 
the grate, all the oxygen wiiich cntcrl mull contribute to 
the mcrcafe of the coinitullion. | 

livery iiiorcale of heat xvill gbe an ladditionnl. levity to 
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tliie air, an.'! for a certain length of time the heat will con- 
tinue to im reafe till it arrives at its maximum. 

^rhe velocity v/ith which heated air afcencls is as the 
diffennee of Ipeciffc gravity between tliat of the atmo- 
fphcrc and the heated air. The principles on which the 
motion arifing from a change of fpccihc gravity may he 
referred to the cafe of two weights hanging over a ]>ull*.‘y. If 
they are of equal we ight no motion is produced, but if one 
he iucrnifed, or the other diniiniflied, the heavy one will 
defc-'iid and the light ttne afeend, with a velocity propor- 
tion ite to tlinr (Inference. 

If the fu;u of tlie u eights he W and their difference P, 
th.'iij accordiiig to Mr. Atwood’s theorem, which he confirmed 


by experhnent, the velocity at any point will be 


P 

W 


multi- 


p]i(.'d by the velocity whnh a body would accpiire by falling 
freely ihroiigli the fanie Ipace. 

rifing or falling <jf bodies in dlfFvTeiit fluids may he 
referred to the fame Ctdcidation, by fubflitnllng their Ipecilie 
gravities for the ahfolnte gravity the wclglits. 

Let 1 the deiiliiy of the fiirrouiuliMg air, 

// ™ llie diflernu'e of tMUperalure hi tween the 
furrourullng and he al'd air in degn es uf I'ahr'-idifit, 

P ^ the nntnhor of degn^'S or Faluvnheit required to 
double th" bull: of a g'wn •. of air, 

h th(' height oi tlie chiniiK’A , 

S ” the fpe.e a body will fall llirougli in a fecoiul of 


lime, 

•V — th(' \euKltv of the alctruhng air 


of bulb in ih. Ik ..ted air \\ dl h(. 
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tlna ruu, rmllipred into tlm v, l(t('Uy a body would ra <pilre 
by f dh.ig through />, will give the vclu^it} of the ale* nd’.ng 
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i'll)' body would aocpaire by falling through h, 
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In lindiug (el th(’ temperatun' at the bvittom of the 
chiiniii y . P ; tnat at top P ; and let the temperature of 
tht air which enters at the grate be M: then J M — 


The above theorem will retjuirc an er|untion for the fne- 
tiou of (he tube, which will be very great in chimneys made 
rf hriek. It is plain that if it were not for the friction of 
the tube, the velocity would he as the fquare root of the 
litigh.t, :dd other lliiiigs being equal. 

In ord' r to afcertahi how far the friiTbon of the tube 
afTeCfcS tlie ratio of ilia fqiiare n'ot of the height, 1 took (fays 
the V. rlti.r of this arlici ") an 11 mi tube of one foot lorg and 
two iuehes in di unf^tcr, having a ftinnel-diap« d mouth, at the 
lovvar end, four inches wid*', and about tlie fame lengtiu At 
the top of tliC tube was placed a hiiall p.q>er fly, v\ilh its 


axis vertical, to that it might be turned by the rifing cur- 
rent, in a manner fimilar to tlie fly of a fmoke jack. 

I found that a very fmall change of temperature was 
capable of piiuing tli(‘ fly in motion. And that keeping 
both my bands upon the outfide of the funnel, at the fame 
time that there was free accefs of air into its mouth, I had 
couilanily about 4^ revolutions made by the fly in a minute. 
Reckoning tlu* diilerencc of temperat iin*, or d, 45 Fahren- 
heit, \vhi( h v. as about the facd, it would give by the 
theorem above Hated the velocity about ^ihs of a foot per 
fecoiid, v\liich was near the truth. 

The fly \v.is then removed and placed at the top of the 
tube, lengthened to four feet. The velocity m this infiance 
by tie* lln'orem fjiould have been 75, but did not exceed 
live, fo that the ch fedt produced by the friction was .25. 
It would apjiear, llierefoie, that every increafe of velocity, 
by ihcrealing the lu qdil of the tube given by llie theorem, 
may he divided by two, to reduce it to experiment. For 
the retardation by the IriLHion, and the acceleration of its 
riling, are in tlie lame ratio, that ib, as the fquare rout of tlie 
lieight. If, however, the velocity he* increaled by the change 
of tem])crature, or as A then the f: iCiiun v\ ill be incrcafed 
111 a greater ratio ; for tlie fiitluiou is as the fquare of the 
velocity. "I'li'Tcfore, if the velocity be twice as great from 
iiK ri iifmg d, the frictuni will lie four times r.s gnat, 
lienee the heiglit of a chimnr^ caniu't increafe the jxiwcr of 
a furnace only to a ciTiain extent, finc'‘ tlie fi i^^tiou, afur a 
ciitaiii hmit, would prevent llie acceleration, and hniig the 
\clcKity to an uniform motion. 

r>y ot}i'*r experiments I found that the mimncr in which 
the air enters the mouth of the tube is of fume couftajiieuce. 
When the mouth of the funnel was I t Id about tw'o inclui^ 
above* tlie lurlacc of a tal le, llu* curnut uj» the tube* w as 
hardly fulhciciit to jiiil the lly in motion, ami it would 1 ot 
begin to move till tlr.* inoulh was eU sated four or five 
ini In s. If, howtver, one-half the tniincl lelUd iqion the 
table, and the other over the edge of it, the fly went at tlie 
late of 45 resolutions in a minute. When the fimnePs mouth 
v.as eoveud with paper, basing a hole 111 tlie middle equal 
to llie area of the tube, 47 revolutions were }>roduccd ; but 
wlicn the wliole iroutfi was e\])ofc d about the fame heiglit 
above the floor, it prodmeed revolution?. 

It appears therefore, that when tl;c air can afeend freely 
and pi rp/enchcul.u ly to the entrance of the furnace, it W to 
tlie giialell adsxmtagc. 

i>mce, agreeably to the nature of our thmmem, llie ve- 
1 K'it s of the curnnit mull depend upon tlie chfFereiice of tern- 
T V rature between the intern. il and external air, the air entering 
the furnace oujdit to he as cool as j ollible. A furnace, 
tin n fore, liioidd he fo litualed, that its airmav he fupphed 
lion, a cellar below, into which its afh-jnt flioiild terminate.' 
Tins Cl liar fhould be as fpacious as poflible, and the alh-pit 
fhould be at kali four times the whdlli of tht furnace, 
reckoning from the grate to tlie floor ; but tlie higher the 
better, becaufe the air, as we have before Hated, is fupjilicd 
with fo much riioie facility in a pi rpcndicular dncifiioii. 

• The grate of an air-furnace confiHs of a iiumher of Angle 
bars, having flioiiklers at each end, fo that whim they are 
laid fide by fide, bringing their fliouldeis togilLr, the 
intcrflices between the bars may be nearly equal to the 
breadlii of the bar?. The diltance between the bars is here 
rather more than is in common ufe, but for producing great 
degrees of iieat, this account will be found to anhver in 
practice. The bars are nv nly laid upon two bearers ])Le< d 
in the brick svork at ri -ht angles io the ban* ; one of tlie 
bearers being look for the pui pofe of flulnig backwards la 
let ail the bars All down witli the fire. Vv'ithout this con- 
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tvivaTico, nft^r nny p’'orrA In fJniniod, tlie fire would have to 
hurn itiOlF out, and il would lv‘ luiich triniblciuiuc 

to ch^nn tht* funirict' vl’/u it is cljoakod ^viLIl 

T^«.* iK'ifdit of tlu‘ fn mull h'.* ftited to ill'' pnrpofc 

to winch the furnace u 'ijiplud. If il is a mckini.^ h rnact‘, 
the )K‘i).J)t iiiujI Lie inclj that t!ic fuel may l)c about lu.U ih-' 
wi.ltli of the ru”na c ab.n.- tlic top oi the crucible, the la ter 
bein^j railed about {til the vmJUi of the luraace above the 
ate. 

k'he ehieiney of an air-furiiciee fliould ] c as wide an the film 
of all the inler'lie'-s tliroii'di wliitli llie air enters the I’.re, :d- 
lo\vin;r nothing lor fnciion ; but as thitj is very eonluleiMb: *, 
at Iea<L tiiat ought to be double, io tiiat tliechiinn ‘y lliould 
never be 1 Ts tli in ball tluil of the furii it e. 

d’he (i^ ight of tlie chimney is tie* next <,'oiiride**at Ion. In 
tie: prelent Hate of oar Liiowlo Ige wi' liavi* no e\Mci r.de 
for the height of ehlmu.*ys of fnnKice", J«-d'e<l II uilldt- 
pend uj)oii fo many eircuuillanees, that il would be dilheultto 
give tfiis llatement CKinJifly ; Hnce, however, the luaghl is 
limited by the friction, it will be important to avoul all tliofe 
circuinllances on which the fridiou depi-nds. d'lic principal 
of thefe are, the rough’iels and narrovvnels of the chimney. 
The velocity of the afeeiidmg' air \m] 1 be inviM'fely as the 
width ; and the friction will be as tlie hjiLin-oj the vi*lor ity. 
It is equally certain tlial the friction will be mneh iiiere.,1- d 
if the chimney be nnigh in the iniidc, but more parlieii- 
larly wh<-ii it is crookeil, or wlu n the air is internijited by 
ha\ing to move in any other direction than tliat of a 'per- 
pendicular OIK'. 

When, therefore, the chimney conlifts of an upright prifm 
or cylinder, ha\ing its interior furfaee as fmooth as poUlble, it 
ITiult aCt to the greatell adNcntage pofiible. 

If the chimney be made ot brli k, thofe fidcs of the 
bricks intended to form the interior of the chimney Ihould ])C 
Tubbed to make them fmooth, and hud with line well-tem- 
pered lire clay, that the inteiior furface may be free from 
caMties and other ineijiiahties. 

If tlieelmnney conlilLs of iron lined with cl. ly, it fliould 
conlill oflengtiis of about two feet each. After i‘ach of the 
pKCei are biK'd and well dried, but not hard bakt'd, the in- 
iidi' lliould be fcrapi’d or rubbed, to give tin in g»a at: r 
imoulliiselr. Ey this means tiie height of the <*himne\ may 
be inereah d to advantage beyoml theorJinar) heiglit ; lince 
the alnive jiieces or lengths n ay be litted together ami fepa- 
rated w ilh the greatell laLility, and the maximum of height 
mav be eably alcert allied by eypenmeiit 

Anoth'T very important cin iManee ouglit to be at- 
tcndeil to in the eonliruCiion of ehinmevs, k'he air which 
is heated in palfuig tlirough the tuv lliould retain its heal, if 
pofiible, till it clears tlu' top of tlie ehiuiney Although this 
f'lumot be effi'CLually uecomphlhed, it iiKiy be eifeCted as far 
as the non-conduCting power of the materials of the chimney 
will admit. 

Common bricks are very bad conductors, and conleqiieiP- 
lyiiol w’C'll adapted for chiirmoya. But fomc rn'e-bru.k‘uyf loole 
Bggn'gation are Hill better calculated to ret.iin ilu* lie il. 

The bell method, however, of making perfecl chumieys, 
)8 firll to build one of very clof<*, fmooth brick making 
the internal furface a:3 above diivcted. 'Ehis Ihould be fur- 
rounded with a fecond cliimno) , leaving a cavity belvve.*n the 
two about the breadth of a fu-ick. This cavity Ihould be 
filled with pow'dert’d coak, or, wliat is better, powdered 
charcoal. The lieated air would reuiin its original tempera- 
ture much longer in furli a chimney, whiefr would ad- 
mit of its being carried liigher, and incrcafc the draught. 

The chimneys of portable furnaces art? generally made of 
trolled iron. Thefc chiunieys ciu ry off the heat fo rapidly, 
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that the height is very Toon limited, |ind b 'yord tint point 
becomes an evil. Itha.sbccn rect'umi nck d by Eavoilier to 
make tlic chimi.e) of a clouiHe ii^ni t ;e, and /Jl up the I'nvi- 
ly v.'itli p<MV dert’d I'liarcoul. I>y ill] me.'U*., h<,*v'v'V‘n , the 
intern:d tube would beeumc* fo hot : o be cHllly :kI *d upon 
by tile an, and by fulplmpng thf* fi: I confMjnemly would 
loon be deHroyed. If the iMvity Ij t warn the two tubes 
were to be idled with a foft compof! >11 of e([ii'il jnrti id' 
lim.*, cl»\, ami faml, nu.kh* ; 1 (k- ' i.> b<*l vveen t Le t ub- 
abiiiU hall the wklili ul tin’ inner abe, an carlluii lube 
w ould bi' lornc'd, w Lich w m Id form, .m »’Net.-ll"nt eliinmey, 
.dll r ll<e Hit 1.01* inoe (d ii oj wa‘s dolli -'yod. l^he 
ftiniace itfelf, bcji.-e; In ed to a jiropij t *t/nale tl dlNn<*ia v illi 
till' al/-^v(‘ (.(-'iPp'/Uljon, would in.'L'* !.• an duririce 

d.' ol h'-at. 

In llioli- er-fo} n: c' ‘i, wha*.' the ^ -jd.aeis 1 epdred to 

ojj-'] at tl too. I’ikni as 
1 1. y/;-- 3, I) eii!n;n ‘y is i<^ ^oir e k; la Cu!iiU’Cb‘d 

V'. I'lli t}i.* f M -I Lae } ; an I vna/Oiital tl n fd i a^* d :i llu<‘. d hi* 

fli.e mi.d I', e. • ' ad'’-' d a > ja lO <.! *! eat to tin* 

dravipht o! a f' ri'.a'*, aadoupht mv'^j to el 'l ia:1 vlare 
tin* f. jy.iration o{ t!i' \ Irmn iL 1 ■ i* ' e nl 1 Inle- 

1\ n ‘t'.dr.iry. I'ron. the ex]>'-i m • n'.!. J oa-n in i m i’, it u ill 

apj)ear that the air id a fn: a. iti iLi ■ .L 1 J . . pcx'pandl- 

Ctd.irlv as poOible ; Ik mn a huri 'eel ■ ('-eglit in all ealts 

to 1k“ avoiddd, and il w ill be 1 (pni!' cvk: .k that tin. oil 

will L.i'llill gre.ilej' \v!a n tin* an* Li > d li .11 1, at 1 . ihe 

fnrmuv ]\» 3. In ail iiiu' 1 , tiLar.ion, where 

the lire-])lac(* is nuendt'd to be lepai vl f; 0111 tlie . I.In ddy, 
lIu' ibu* Ihould Ik* made aktid .i noislias prild ’ by 
making; an obt life angle with tlu' jide f th * fur.iate mi’n ad 
of alight <>ne, as in arHiUs e*,' om h.j^e 

been advent i d rtlalivi* tt) the Widtii t'f tlie ri'i'’. A. lien wc 
confnler, however, that tlu* llu<* i.. a part (d tl.e diimn'", . 
all ('piteous nu'.H give \.,tv, lor d llu'lii.* md a*, w 
the chimneys tlK;* air i.iuH have to UKise v nh a pro 'c-v u.n.il y 
greater \( loi 11) in that part, and in tie* lame tn g; t . l.' ien 
the draugiit (>f the funiactn H-uet* the line inould in* the 
width oi till* chimney as near as jx irh/’e. 

Ahhougli in H viclneis all funmees an' air-funiaess, y , ns 
w«* have above laid, they are ide...!!. dill ingir iia d Uito .i: le 
when* the air is forced ibi'ong^b ibei.i ' b) b. Ihia.s, aed Ji'de 
where the air enters by whai rs call .1 l .he eian;dil ol nie 
clnmney. 

Thele are againdenominated eitl’v r from tlien ( oullriicb* ai, 
or the parlieulav ufe( to wlneli tlu*) * «i])}>]Hd, ;v- \\\V' Le 
feen in the courfe of ihi.i artiee. . tit. i.erali) Iji^sihie.;';, tlu* 1 :- 
naces uied in chemical o])i*ral«o’n*’, and im* ns i!mg and relm- 
ing metals, are of the latter kind or air-furriaee ; and vve (hall 
now proceed to d'deribe tlie parte re»d jun liee.hir v.les. 

Fuhn A n air-furnaee, e.deuh't' d to product* great 
degrees of heat, particularly aakqUed foi a irehmg uiniace 
of the fixed kind, and poih (Lug all tlie rulvamagea to be 
given to it, is rcprefeiked m I*. /A 1 ; x7 's ilie aHi- 

])it of the furnace ; b the grate ; r tl.e & .*-j Lk ; ; J iW cover, 
\vhieli coniills 4 )f an iron fr.iiiii* fiiltij|l u]) with lire brick, 
'riie cover llide.s fideways to open the kn iiaet* ; ;; t is in place 
of the Hue of the common air-furnate, ut here ij made a part 
of the chimney If. U'he part c/y m.t|^ be taken away with- 
out injuring the furnact', and ilie rw fs' may be employed 
for many purpofes, fucli as roahmg I blitnu es, Htting cru- 
cibles upon It before they are introdj rd into ibv' iuv'iiace ; 
and occaiidnidly a cupel may be fet n«m if, for the purpoie 
of aflliying metals, luving at the tan? time a finall opening 
in the cover for the piirpofe i>f tidilitlin^ air,' 'rhis fur- 
nace will he found mucli nmn* -powerful in not having a 
coalradlcd flue, and at the fame ti|lc making an obtufc 
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angle with the fide of the furniicc. From what has been 
previoufly obferved, the high alh-pit wih contribnte nnieli 
to its a(!:iiof. It is alfo recomnK'iukd that the thinuiey 
flioidd bedoiible, and tlie interdiccs filled with powdered coak. 

Ftg. 2 , reprefents a fertlon of a p<)rtal)le air-fiirnrice, 
adapted to gmeral purpok •. : a is a frame of ca^ iron Hand- 
ing on three legs; c a dilh of rolled iron for the afhes to 
fall into ; a o the top of the friine, has a hole in the centre 
a little widM* than the fn c, into which the grate is 
fitted ; d is a groove pafTirg quite through the frame, a little 
wider than tin* hole in the iniddh-, and inur.ediatrly uinl r 
the grate. DiHcrcnt pieces of flnvt iron are rnad^* to lit 
this groove, h.aving dihcnvut fi/cd ojimings for the ]mrpofe 
of regulating- 1 he (ivaiigliT, Oiu* <*f then, liowev'cn-, 
Opening, and js lutciuled lo ihuL ont ih* air entirely, 'r'le 
openings in th-'h' regulating f’lidt , he mg in the ci-utn, tlx. 
air will enter the fnrince perprndicularly, and its pilb!';e 
> : 1 be inncii is'-ili^ate il V>y the hisght nf the grate from t!ie 
boor, aiui hr lie' air having a free aecifs on all lldvs to tlie 
funidc**. 

/ /' is the fire-pliu-e ; c the cover, confilllng of either one 
r<e,nd hrn k UM'h^ on pnrprPve^ fitte*! mto an j:mii frame, or 
of li’vei.'il pn ''es fitted nuo the lain*. d\h'' onlfid(‘ of ilie 
fnrinn e is mid'' of rolled iron, Im* d wuh a eompiumd of 
tv.o pars cl'\, t'so c t u'arle UukI, am' one of lime. 'Th* 
tiniiuiey IS aHo of r<’il*d jron, and <ouf.li.; <.l double tubes, 
f/ ami nv. t:<-d to 1 lie out tide <,f I lie fui'iiac-e. I'he cavity 
betwi'CM the tub**', is fill 'd vv"h th-j ab'ove-meiilie'iv'vl compti- 
ht.oi!. '^j’hv' c/iher parts of the chimney, when it is re<)mied 
to mereal’e it i li ught, iui\ he made' m jeeees ot about two 
feet lii lenpth, e'onli il mg, Lke tlie j>ail.'. uttiu'hed to tlx* fur- 
nae-', ('f a d.m!>l<' tube, and th'* cavitv lllleel uji as bef<**re 
tluecb'd. dhie inner tube n.ufl be a hide fhort<r than the 
outer tub' , fo that the addUional length of the outtT tube 
Tirav form the joint in pntlmg lit'* < hiiinx'y t<i/vtlx'r. A 
hole 1.. nndc in the Ixuly f»f t)i*' iiirnai ’ at /, and a limilar 
OTv; on die t.ppolite I'ldt , for the jmrpoh* of mtiodiu inp^ a 
diroiigh tin* furnace, winch is recpiircd in nmny expen- 
m-’nl'i. A fbt is alio made in the f urn. at' at /, foi the 
pie/j'ofe I i mtroducmg the lu'i'k (d a ntort. d lie ho!< and 
iht afx'V*. -nx ntioned licee 4 o'r fpOiu!',' ph..;*' nnidi (d the 
lame fu!) laiue as t!»e Iming ot the ...uiaee, i . v\’h.< )i tlaie 
opv'ningt. are cloftcl w h' n u f v .ud' <h h‘ “< re i . ,e'otht r (queu- 
ing at} fittid b) di* plug/': dn ; ,, ul- .1 f'lr the nitrovhic- 
tio’.i of fo'.l . hi n il i. tiol v'o . le.u t mf r ^lut' U al tla* 
mouth <d 'de* lU'- uce. (''■ lit”. i!y. aii.'. .i bed' umOu* 
may be lu;r< dMici<i mto it ib.'. ope . in,, the olhv.r end of 
thf' iiiUiV' I ( lb- g n| <ai t h perf j. 

Tlie cov r le •m’- r.'reovid., a f '"dd a'fi ru’ig mav be in- 
trodti' .d, .imi’ ir to lUit m ib lb '* k 7. 

Wlieu ;i r toil e. 11 r v-i '...ed, ed th. hotbeu d n 3 not 
bappi 1 to b" funjurtiti b) ti.i ii.'d, it e> ji.>f>l<’ to move, 
and fometimes to be l.rokmi, by relluig ( iit irefy ujxm the 
n'*ck. ^i'his luconvi'niciKK' ti'.ay be r-rmedM d, by pafliiig a 
folid plug th’ongh tin- fu.-mx at i. d’hn ping nay be 
made by coating a pie<'e of iron wuh a ernnpound of very 
pun* cl ly and f and, to rend r it .s ini uhble as pofliule, frnce 
it will he expofed to tfie gr-rat* fl Ix at tif tf-x* furinice. IJie 
middle* of this fupj ort mud c'oiitani a n'tM’fs to rec» ive the 
bottom of tlie reKwt. Winn all the opening.^ :r.' clofed, 
and a Hide introduced at n, having an opening t tpial to the 
width of the furnace, this furni|cc will be foinid a moll 
powerful melting furnnee; and, by introducingd fferent Hides, 
it may be employed where the moll moderate heat is required. 

7dtc air-furnace n prcfcnled in PIijU 1. 3» is principally 

intended for enamelling and aflaying in the cupel, w'hcre the 
exclulion of every thing but the air of the atmofphere i$ par- 
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ticularly ncccOary : a If h an iron frame, fimilar to that of 
2, having a groov<' at dt for the Aiding plates to regu- 
i.ite the draught, and a tray at e to recciv’e tiu* allies \ gay o 
is the body of the furnace, made of rolled iron, and lined 
fimlhir to that of yfy”, 2, leaving the fpace mn for the fin*- 
jiLice ; gp is a dome connected at p by a Aiding hoop, ivith 
the chimney w ; j is a circular damper ; f is a muffle, having 
a plug at ; / is ihe jlroiig earthen lube Handing upon the 
grate, having an opening, /, quite through it, which cor,^ 
refponds with a iimikir opening in the bottom of the muffle. 
This tube alfo ferves as a fiijiport ftn* the muffle ; .r is an 
opening through the coating of the furnace, rorrelponding 
with a limilar holi* in the endofthv** muffle, 'i'he eiid of tlie 
inuillt' K, madv* lonvcv, fo as accuratt'Iy to fit the fid^ of lh(*r 
concave liir-pJacT. Hence, a current of air wid pafs up the 
tub*', /, into the niuAl'*, which will clcape at the opening, x, 
into lh(‘ chimney /. d'his current can be rtgiiLit-*d I y the 
ciicul.ir daiujicr y. Tlic }>lwg, r, is only to be t.iken oail to 
inCjic'Cl the prv>e*^' Is, the damper, y, Ix'ing at lliefame time Aiul 
to j;rev -ni the entrance of cold air into the muffle. 

On each fide of tIu* dome an* two openings, Inch as A, 
having plugs to fit. Thi'fc are for the purjjofc of intro- 
ducing fix 1 during tlx* aihi\ iug procefs. 

'rie. ad\Mnteg<*s ol this lurnac**, for tlie pnrpofi* of aAd^*^- 
nig, are vdivious, lime il can be regiihilcd to the grcatcH 
nuety. Win n the current 01 evdd air tiucls lo cool the 
muffle, or tiie lieat of the/urnacc is di-llcicnl, the damper, y, 
can he fluit more pr Icis ; and if the heat is loo great, tliat at 
y iniiy he opened, and .r lluil to any degiec. 

I'iir. fiirmlcc nuiy very eatily be convi'rted into a rncUing- 
funiace, or even to one for giix ral ]>\ir])ofe.s. 'Fhe dome 
p, and t!»c mu All' y, lx ing- n moved, and a cup pul upon 
the mouth of tlie chinnu'y ‘tc, th* fiirn.iee h.iv i ig a cover 
fimilar to that of yfi^. 2 : the ) big, y, lieii’g lemoved, will 
forn tfx' fine, ilje openiiic;, .r, Ix'tng' no ( onreqiieiKe, 
paitu'iilarly w’.. n the d.imj>ei*, y, is Ihiit ; ai.d a jilng miiH 
b" m'. nxbiced at r, w-licn* the inuflle w .:s tal..' n o.:t. 'I'he 
ch.niucy maybe lengthened from the part ^ by jmces iiinibar 
to ihofe r<'(’ornin( ndt'il iny*^7* 2. 

An ai' -f jrn.u’e, on the common pi m, is n'pnf-ntfd in 
/V.'A n. y;. 2 , in wii’ch ac i. tlx* fin -j !acc ; c the grate ; 
/M)x*t<n(j ; il the fine; undr 1 he ( )i{mix''v. Tins fnrr'.i* e 
difb r^ bvim the ni^ce u?runly d'icnbtd only in the 

c< nilriK'hoTi iS tlx* tine, and tfi^' nfh'; i'. . 

A fix rnacc, mv nrt-d 1 y Mr. Knicht, nu'vvn in 
fy. 3 : i.r p., (••'; /;the g'-it**; c ihei n ra ice for the 

ar imd'*] the* ; e is ih'* li' *; ; f a v'uviiv or chamber, 

for tile pm pi r (d baking cruc 'nkf,, ami other ufe^ ; \ the 
jnd.ige fur til'* air into the < hmnx y /> ; and / is a Aiding 
dm^iptr. All hooch lina fm niLe pidh i’c'- g 'v;\X convenp nces. 

It is not call for protlnrmp; tlie greatcil degr* *. 5 of I CU, 

hnce tfie air imiA meet wuh nnufi old! ruction 111 its paA.ige 
from the fm -plac'" to the cliimm y. d'ig, r. a furnace in- 
vented by Mr. MiiAiet, intended as an cxj»erimcnta] furnat-e 
forth*' purpofeof affaying orer., : a b i d n cylinder of 
cad Iron, lined vvltfi firr-l r ckw, fo a«i to conHliuti* tlie fire- 
placer/*; y is the grate having a ree'efs in the middle for the 
rccep’ioi of a crucible Hand; jlheaffl-pit ; ^ is the Avie, 
and g th* cover : bt is a rod of HeelfaHcned into the bottom 
of the caH iron cyliodtr at /j, and having at the other end an 
index /i, fitted to the arc y r, v.hich is attached to the cylin- 
der. V/hen tlu' furnace is ufed, the excefb of cxpanfion of 
the Heel rod above the caH iron cylinder v/ill give motion 
to the index, and if the arc be graduated, fo as to correfpond 
with Wedgwood’s pyrometer, the degree of heat, in any ex- 
periment, will be known. In order to prevent the Heel fad, 
wluch is polifbed, from oxydation, il is inclo&d in a tube of 
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iron, and the cavity fiHcd up with powdered charcoal. The 
£re-place, from the grate to the cover, is three feet ; the 
diameter at the grate ten inches, and at the top nine inches. 
The height of the chimney, the inventor recommends, /hould 
not be lefs than thirty feet, and the width nine inches 
throughout. 

Altliough this furnace has not been generally adopted, the 
thought is very ingenious, and, no doubt, practicable, to a 
certain extent. The fcale would moft likely require to be 
altered from time to time ; firft, from the change in the ex- 
panfibility of the Heel rod 5 and, fecondly, from the incrcafe 
of the condu^in^ power in the bricks. Thefc objeftions 
may be much obviated by attending to thefe changes. At all 
events, the pyrometer will enable the operator to find the 
relative heat, (hould it even fail in meafuring the ubl'olute 
degrees, which will certainly be a great acquilltiun. 

l)r. Black’s reverberatory air-furnace is (hewn xn Plate 11 . 
r is the fire-place.; b the grate ; c the cover \ ae is 
an horizontal cavity through which the flame reverberates, 
and paflfes up the chimney / ; J is a door for introducing the 
materials to be operated upon. 

Tlii furnace is ufed for roafting various fubflanccs, fuch 
as the ores of metals, for the purpofe of expelling their vola- 
tile matter. It may be alfo employed for the cupellation 
of metals, the door d being a little opened for tlie admiilloa 
of atmofpheric air. 

Fig, 5. is a rcpn'fentation of Mr. Knight’s portable air- 
furnace ; ab is the fire-place ; be tlie uih-pit, which is clofcd 
on every fide, excepting at the regifler door, where the air is 
admitted ; 0 is an opening for the reception of fuel ; r is a 
recefs for the neck of a retort. Fig, 9. is a dome fitting 
the top of the furnace, to which the tuhe^if. 10. is con- 
ne<fled, which unites with another tube infcriod into a com- 
mon chimney. Fig, 8. is a fand-bath, which is ufed in the 
abfence of the dome, and, like it, is coimeded with the tube 
la 

This furnace is made of rolled iron, and lined with an 
earthy compofition. Fig, 6. is a perfpedtive view of Dr. 
back's portable air-furnace, which, but for its confined afh- 
pit, has not as yet been improved upon ; ah is the fire- 
jdace ; be the afh-pit ; e a Aiding door for the admiflion of 
fuel, &c. ; dt another door for the fame purpofe, and alfo 
for the intrv)du£lion of a muffle. Fig, ii. is a cover, and 
//>. 7. a fand-bath ; / is a chimney, wliich is lengthened by 
pipes of rolled inxii, or conneded by the fame with another 
chimney. This furnace, like the laff, is made of rolled iron, 
and lined witli cliy and fand. 

Another air-furnace, of great power, and very convenient 
for operations, has been conffnided and employed by Mr. 
Muffict in his numerous and valuable experiments on iron 
and fteel, a portion of which he ha.i ci>nimunieuted to the 
public through the medium of the Philofophical Muga'/ine : 
he has obligingly furnifficd us with the drawing and deferip- 
tion. Plate III. Jig, I. is the fedion of an affay or melting, 
and annealing* and alfo a fmall revcrberiitory furnace for 
fufing in very high heats with the flame of pit -coal. A is 
the altay-furnace ; B the reverberatory furnace ; and C the 
annealing, or ccmcnting-furnace. 

Tlie affiy -furnace is cafed in call iron, with a flanch pro- 
jefting inward, the breadth of a brick, and about half an inch 
more, which ferves inftead of bearers for the bars. (Sce/^. t. 
at D.) Upon this flanch the brick-work is reared ; it ought 
to be of good fire-bricks on the bed; the furnace is nine inches 
fquarc ; total height 27 inches ; from the top of the flanch, 
to the bottom of the flue, the interval is x 8 inches ; the flue is 
four inches high ; the height above is five indies ; flue feven 
inches long^ and keeps opening into the chimney, as may be 
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feen in fg, 3, at E. If the chimney is under ay feet in height, 
a larger flue is requifite ; and if beyond 35 feet, a fmallcr flUc 
will throw the heat more regularly through the furnace. In 
general, however, more harm enfues from too foiall, than 
from too large a flue. G is the floor-line, and alfo repre- 
fents the edge of a grate which covers the afh-pit, which is 
better feen in the ground-plan, Jig, 3, and in^. 2, at H. 
This grate lies nine inches from the bars, leaving an open 
fpace for the admiflion of air ; it projeds 24 inches out- 
wards, and ferves the operator to ftand upon. 

II, in ftgs, 1 and 2, is the affi-pit ; in Jig, 3, which is a ground 
planof the chimney and furnaces, C is the annealing, or cement- 
ing-furnace, in which the cruciblen are annealed, or baked, to 
a bright red heat, and from thence introduced, along with 
the matter to be operated upon, into the aflay-furnace. It 
alfo ferves in Head of a cementing-furnace, bt‘ing eafily 
made to produce a heat of 100 of Wedgwood: it may be 
made of any ii/e, from 9 to 14 inches fquarv, a 9-inch chimney 
being fufficienlly w>le to the extent of an i8-mch furnace. 

The chimney to each furnace is carried up five feet per- 
pendicular; they then gradually incline to the centre open- 
ing, which tliey enter about twelve feet above tlie flue* : 
L, L, Ijt are dampers : from tlie grates of this aflay-fur- 
nacc, to the top of the chimney, the interval is 33 feet# 

This furnace has melted 400 grains of malleable iron iti 
ten minutes ; and half a pound from lumps iu 40 minutes, 
if the materials to be operated upon are prepared with 
judgment, any experiment, to the extent of lialf a pound of 
matter, may be performed in half an hour, and lefs quantities 
in much lefs time. When approaching to Its highell heat, 
a Stourbridge clay crucible ^whicli drop in ifiS of Wedg- 
wood,) will difappear in 15 minutes, from the time that it is 
put in. The firll five bring it to 140 of Wedgwood, at 
which caff iron boils. Steel boils in it at 162 ’, and malleable 
iron boils at 170 to 172^ of Wedgwood. It is probable, 
however, that the advantages of this furnace do not rcfult 
from the height of the chimney, (which is not great,) or from 
the fize of its opening ; more, it is likely, depends upon the 
flue ; the opening of the grate bars ; the fize of the fuel ; and 
particularly the feeding of the fire. 

Fuksace, Almondf or jllman. This is alfo called a 
fwcep, and is ufed for feparating metals from cinders, Hag, 
broken tells, crucibles, &c. See SwKEi’. 

Fi yWACE, jiJfay, Tlie furnaces above deferibed may all be 
ufed for allaying or cupelling, fee Plates I, Tl, III. 

Fniwcc, called alhnnrjr or tozver furnace, ^rhis was a 
conJlruclion of air-furnacc, calculated to preferve an 
equable degree of heat for a conliderabk* length of time ; it 
was much employed by the alchemills and cherniiis of the 
lall and preceding century in their tedious and' repeated 
dillillutions, calcinations, &:c. but is not at prefent in ufe. 
FiffiNACK, Hailing, SceliioN. 

Fuiixace, Billows or Blajl, Having given an nccount of 
the principles, and deferibed the varieties of air, or draught 
furnaces, we (hull give fomc account of thofe furnaces which 
are fupplied with tlieir air by mechanical means, and are 
called blail -furnaces- This part, however, w'ill not comprtic. 
thofe on the large fcafe for itnelting iron, as that fubjed h:»t 
been amply treated under the article Bi.AST-Fvr/i</rf. We 
(hall, therefore, confine ourfelves to the fmulliT blall-furnaces 
employed ia chemical experiments requiring great and fud^ 
den lieat. 

It will appear, from what has been obferved refpe&iiig 
the principles of furnaces, that if the a(h-plt of a common 
air-hirnace were made perfectly clofe in every part, except- 
ing through the grate, and an opening into the a(lx*pit into 
wmch the nozzle of a pair of doubte bellowi may be ini^ 
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fcrtcd, a blall-fumace ^vould be found differing from an air- 
fiinvicc only in the mode of forcing the air into the fire. 
Indeed its adion would be fo fimilar to that of an air-fur- 
nace, that it might for mod piirpofes anfwer the fame 
end* 

The blaft-fumace for philofophical experiments was much 
improved by the ingenious Dr. Lewis, who fitted up a black- 
lead crucible for this purpofe. The pot chofen fiioiild be of 
the lurgeft lize, and if a cover or dome, or an additional part 
be wanted, another pot with a portion of its lower narrow 
part fiiwcd off makes a very convenient one. A round 
plate or flip fawed off from the folid part of the bottom 
ferves very commodioufiy both for a grate and for a fupport 
to the crucible ; eight or nine holes, about three quarters 
of an inch in diameter, are bored round the outer part of the 
plate for the traiirmiffion of the air forced in by the bellows, 
which holes are made to widen downwards to prevent their 
being choaked up by pieces of the fuel. The air was forced 
in by bellows by an aperture on the fide of the pot. 

In operations which require a confiderablc degree of con- 
centrated heat, it has been propofed to impel a number of 
fiames into one point by llrcams of air driven from different 
parts 'of tlie circumference of the fuel to the middle by 
means of feveral bellows placed round the furnace. But a 
number of bellows being incommodious, Dr. I^ewishas con- 
trived to multiply the iiream of air from one bellows. The 
pot which ferves as a furnace for this purpofe has a number 
of holes bored at fmall di (lances in fpiral lines all over it, 
from the bottom up to fuch height as the fuel is defigned to 
Teach to. 

The crucible is placed on a proper fupport in the bottom 5 
and tlie holes are obliquely direaed towards the crucible, 
fo that the impelled heat plays in a kind of fpiral upon its 
furface. The pot which ferves for the blall furnace already 
deferibed, with an iron ring at the top, receives this perforated 
pot fo far, that all its holes are within the cavity, which 
cavity has no other outlet than the round aperture for the 
bellows ; and therefore the air thus blown in will dlAribute 
itfelf through the perforation of the inner pot. 

Mr. Arthur Aikin has confiderably improved upon this 
plan of Dr. Lewis* s, and the following is a defcription of his 
furnace, as publifiied in the Philofopliical Magazine. 

Plate IV. Jr. J. is a view of a fedlion of this furnace. 
It is formed of three black-lead crucibles. Tlie ill, a, is a 
crucible cut off near to the bottom, leaving a portion of the 
internal cavity ; the 2d, is what contains tlie fire and the 
crucible. Tnc bottom of this crucible is perforated with 
holes for the admiilion of air, as fhewn at Jig* 4, wlikh is blown 
into the cavity in the bafe part j, by chiuble bellows. The 
Hand of the crucible has a projedling part which fits a hole in 
the bottom of the crucible in order that it may (latid more 
firmly (fce^. 5.) ; r is a third crucible focietimes inverted 
upon that of b, when the lire requires to be heaped up higher, 
or to keep off the glare of light. This has a hole in the fide 
to let out the air, and another into the bottom lattrally, for the 
purpofe of introducing an iron inftrument to lift it on and 
off. 

This furnace is particularly adapted for a le^ure room, 
fince its fire can be raifed to its full heat in a very little time ; 
At tlie fame time it is capable of producing a greater heat 
than almofl any other furnace. 

Mr. Aikin has adapted this furnace to experiments with 
the cupel, by having a crucible ivith a hole through the bot- 
tom, and a Hand having a correfponding hole through it, 
communicating w’ith the cavity in the part r. In the inhde of 
the crucible are feveral projcdlions forming a (boulder or 
flange to fet the cupel upon. An earthen tube is fitted into 
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the cover exteniing obliquely out of the mouth of the fiur# 
nace ; this ferves to look down for iufpciling the pro- 
cefs. 

Several kinds of fmall blaft furnaces are alfo ufed in the 
arts, particularly that ufed in melting pig iron for the t ur- 
pofe of calling. This furnace is called a cupola, and will be 
deferibed under iron. See luOK. 

Furnaces for malhtg Colours f are thofe for fubliming 
cinnabar or fulphuret of mercury for making vermilion ; 
for fubliming fulphuret of arfenic for making king's yellow ; 
for calcining blood for making Pruilian blue, ochre, &c. 5 cc. 
For their conllrudlion and ufe, fee the arts, and the dif- 
ferent articles in this work. 

FruxACE ufed for enamelling PtSures* The extreme deli- 
cacy which is iieceffary in the procels of firing or burning in 
the colours in enamel painting, renders tJic conllru£lion of 
the furnace an objedl of tlie utmoll importance to the 
artifi, whofe labours are liable to be intcovcrably loll by 
the flighted mifmanagement of the procefs, or error in the 
formation of the furnace. 

We are enabled, through the kindnefs of Mr. Bone, of 
Berner (Irect, London, enamel painter to the king and prince 
of Wales, to prefent our readers and artiils of this clafs 
with a drawing of the furnace w Inch he has employed for 
firing his molt celebrated produdlions, and which, we may 
fafely fay, have not been equalled either for the richnefs of 
colour and accuracy of defign, or for the fize to which he 
has extended the paintings on enamel, which were formerly 
confined to the mod minute fubjcdls. The lower part of 
Plate V. contains tliefe draw'ings, wliich are two vertical 
fe£lions taken on planes perpendicular to each oilier ; the 
fame letters of refoence applying to both. A reprefenta 
the fire grate extended over the afii-pit, B, of the furnace ; the 
fire door at C for the admiffion of the fuel is placed at the 
back of the furnace or fide oppolite to that where the ope- 
rator is ilationed, and in a ieparate room : this is intended 
that the fmoke, which will at fometimes iffuc from the mouth 
of the furnace, may 'not endanger the pidlures. The room, 
therefore, where the operation is performed, has no conncdlion 
with the fire, fo that the whole may be conduflcd without 
duff or fmoke. The pidlures are placed in a muffle E, which 
is open only at one end ; it is fupported upon three fmall 
arches, F, F, F, of brick-work extending acrofs the furnace j 
the fpaces between thefe form three flues, which convey the 
flame cf tlie fuel beneath the muffle. The mouths of thefe 
flues arc (hewn by the three dark fquares 1 1 ; they then 
turn up over the arched roof K, of the fire-place, and under 
tlie muffle between the arches F, F, F, at the commencement 
of thefe flues (hewn by dark fquares in fg. ! i, and marked 
a j” to. The flame divides, and a part proceeds over the 
muffle at by being reverberated upon it by the arched roof 
of the cliamber in which the muffle is fituated. After paffnig 
over and under the muffle, the two currents of flame eftrape 
together to the cfiimney N, through three flues //, ivhich are 
beneath an iron chamber H, called the annealing oven. In 
this four flielves are fixed to contain the articles which are 
to be annealed, previous to being introduced into the muffle. 
This is done through the open end which is expofed at e fo 
the open air, the jundlion of the muffle with the wall of the 
furnace being made by fire clay inferted between them. 
Before the mouth of the muffle an iron plate, /, is placed 
fupported by brackets : this, together with the wall of the 
furnace, forms a table to fupport the picture ivhen it is wdtli- 
drawn from the muffle for examination. The muffle is made 
of fire clay in one piece, but it is very difiicult to obtain 
materials which will witliftand the heat when in fo large a 
mafs without cracking, which the bed that can be procured 
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wtU do ; frequently it, however, is not a very materid 
dcfedl, if a fmall crack takes place at the upper part, as it 
begets a confidence that the muffle will not crack a?iy further, 
owing probably to the unequal contradlion of the parts of 
the muffle having liberty of aflion. 

The operation of burning in the colours of a painting, or, 
as it is technically termed, Jir\n^% ii> conduClcd in tlie following 
manner : the picture painted, and prepared as defer ibed in 
our article Painting* in Enainely is placed upon a planch or 
flat piece of firc-ftone, with a fmnll quantity of whiting 
between tliein, the ufe of which will be explained hereafter. 
Thefc are put into the loweft fiiclf of the annealing ovenH, 
and the door of the oven clofed to prevent the entrance of 
dull. The lire is now lighted on tlie grate, and afterburning 
fnuTj three to four hours, according to the ftate of the wea- 
tijcr and direction of the wind, the muffle acquires a vivid 
v'hitc heat, and of fiinilar appearance in all parts : when this 
happens it is judged proper to begin firing ; -the pi<^iircs in 
the oven in the mean time have gradually acquired fuch a 
heat as to be in no danger of cracking from the change of 
heat on entering the muffle ; tlie planches have uUrally 
reached a low red heat by the time the muffle is properly 
hot ; and it is fuppofed that the oil ufed in mixing up the 
colours is nearly all evaporated, the painting exhibiting a 
very dull and faint appearance. It is proper that the door of 
♦he aiirealing oven Ihould not be too cIo£e, that the vapour 
from the oil may readily cfcape. 

The planch and pi6ture upon it are now removed from tlie 
annealing ovCii by an iron fork,^§^. 7, ufed in a manner fimi- 
lar to a baker's peel, and introduced into the muffle : th(' doors 
arc fiiutclofe ; the operator now looks through a fniall hole 
in one of the doors, furnifhed with a Hiding cover, and at- 
tentively watches the picture ; he fees it gradually heat till 
it acquires the fame colour as the muffle 5 the furfacc of tlie 
pi£lure is then obferved to affume a glofly appearance, arifing 
from the fufion of tlie enamel ; at firft this commences at 
the farther part of the muffle, but extends itfelf, with uHonifh- 
ing celerity, over the whole furface, if the oiieration is well 
conduced. The pid^urc is now withdrawn from the muffle 
upon the table before its mouth, and examined before a 
ftrong light, if every part is equally glofly ; if not, it is re- 
turned to the muffle ; in this liate the picture and planch 
only exhibit a mafs at a white heat ; no tract s of painting or 
colour can be difeovered, and the whole judgment mull be 
formed from its appearing equally fufed in every part of the 
furfacc. 

The fufing being now completed, the pi< 5 lure is returned 
to the annealing oven ; and the lire being jnit out by taking 
away the bars of the fire, the whole furnace cools gradu- 
ally together, the piAure remaining’in tlie oven feme hours 
before it is removed to paint again upon it. The operation 
of firing a picture requirej to be performed from twelve to 
twenty-five times, according to the tints require d, and the 
nature of the pi(£lure : the pictures arc^iable to crack w^hilll 
in the muffle, an accident that cannot ouen be repaired, in 
which cafe the labour of painting is all loft. The principal 
precaution again ft this is to proportion the flues in fi.ch a 
manner that the annealing oven lhall always be of fuch a 
temperature that the pictures taken from it, and int^iduccd 
into the muffle, may not experience fuch a change of tempe- 
rature as to fly. In Mr. Bone’s furnace this is lo well regu- 
lated, that he feldom finds his paintings crack in the firing, 
though it coft him many fevere difappointments befoi’e he ob- 
tained this perfcAion by repeated trials : this difpolition to 
crack appears to depend almoft as much upon the plate and 
enamel as the conftru^ion of the furnace, and it is no proof 
becaufe a painting Hands the furft firings well, that it wdl 
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not fly in the fucceeding. Enamel piAuirs are nearly all 
liable to cockle or warp in the firing, in a greater or lefs 
degree, though this may be obviated 10 far, by great care in 
the preparation of the metal plate, as to be no Icrious detri- 
ment to the effc6l of the pidures : the method of preparing 
thefc plates is explained in the article Enamelling. For 
an account of the colours, and art of painting, fee Paint- 
ing in Enamel^ which is a fiibje£l requiring long experience, 
to be added to the ufnal knovriedge of a painter, as the co- 
lours are in fa£l prodiict*d by the firing, being very dificrent 
in appearance when luid on, and witliout anv of the brUliancy 
for which this fpccics of painting is diftingulflied The artift 
muft judge concerning the efiedt which hir. painting will pro- 
duce by his reculledbon of the change of each colour, and 
its combination with others, inltead of being able to 
examine it conftantly by its appearance ; but it is efl'ential 
to the perfeilion of enamel painting, that all the colour^ 
employed fliould blend together in the firing, and at the fame 
heat, or fomc w^ould be too much burnt before others wTre 
properly fufed ; and they muft lie of fuch a nature as not 
to emit any vapour when in the fire, as this w'ould produce 
bubbles in the furface, and dellroy theefFeftof the painting. 

As the colours at prefent known whicli wall ftand ihefe 
tefts arc but few, and require compounding together to 
produce the various tints, it is an additional reafon why none 
can be admitted but fuch as arc a6led upon in a fiir.ilar mari- 
ner by the fire. It is conje6lured that the crack in the 
muffle, being found rather to improve than leflen tlie cflVct, 
mayarife from a minute draught which will take placelhrough 
the muffle, carrying off any vapours proceeding from the 
oil, which may remain in the cidonrs after annealing, or 
other caiifes, which vapour, if confined to the piditurc, might 
be detrimental to the colours. As the generality of enamel 
plates are made with the furfacc convex, it becomes necef- 
.fary, when they arc large, to fupport the centre of llic plate 
from finking, which they are very liable to do u hen in a 
ftate of fufion. To prevent this acekknt, the planch muft 
have a bed of pow^dcred whiting laid upon it, w'ith its fur- 
facc made to fit the concavity of tlie enamel plate as nearly 
as poflihle, carefully avoidinjj all prefTiire upon the platei 
Icaft it fliould receive any firain. If this operation is nicely 
condik'lcd, the plutts may be made to keep their fliape 
much better than by any other means that have as yet been 
devufrd. 

Fuunacf for etiamcUirg rvauh DiaUphites. This fur- 
nace, though very fiirple in its conftnidtion, differo from all 
the others we have dercrlbed in not having any bars or 
grating for the adniifllon of air to the bottom of the fire ; 
the only pafTage for air being through or under the muffl(', 
which in this kind of enamelling confifls only of a fimple 
arch of cliy without eitl\cr bottom or back. 

This furnace is fmgjlarly adapted to the purpofe for 
which it is ufed, as a very inlenfe heaf is obtained ivith a 
coniparallyf iy fmall quantity of fuel, in addition^ to which 
the wv-rk may be broU|;ht almoft in contaQ 'wnth* the coals 
with'/Ut receiving any injury from their dirt ; clearnefs in this 
kind of enamelung bting very juftly confidered one of its 
greateft perfediuus. Fig* of Plate V, of Furnaces^ 
reprefents a front elevatior. ; A, A, arc two piers of bricky 
work, upon which reft tlic arch B, covering the afli, or 
coak-pit, C. From each fide of thefe piers projed tlie three 
bricks D, D, D, w’hich fupport the hearth, or iron plate, E; 
another plate of call iron lies juft beneath this, which ferves 
for the bottom of the furnace, and w'hich may be fecn in 
the fedion at F, fig, 2* Upon this plate of iron ftand 
the Welfti lumps, ft, G, forming the interior Tides of the 
furnace; t,he pne which forms the back may be feen at G» 
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fg. % ; the brick-work is then carried upon each fide over 
the piers, and bound together by the iron bar H, which 
likewife ferves to fiipport the brick-work over the front, in 
which is fixed the regiiler, or damper, I, When the furnace 
is completed thus far, the due may be carried up to a con- 
venient heiglit, or turned into one already formed. 

To give the reader a clear idea of the method of uiing 
this furnace, as well as tlie way in which the fuel (hould be 
placed, we have given, fig* 2, a vertical fedion through 
the line C I, perpendicular to the front; and that the parts 
in each may be compared, we have ufed the fame letters of 
reference as far as the parts could be feen in each figure. 

When the fire is to be made up for ufe, the muffle is 
to be placed in the furnace ; one end relling on the iron fup- 
port, as ihewnat K, fg* l, and the other end is to be kept 
level witli the fremt by putting a piece of coak under each 
Tlic fpace on each fide is tlicn to be filled with fmall 
pieces of coak, and at the back of the muffle fmall coak muft 
likewife be put iu till it reaches about half way up the end. 
A folid piece of coak muft then be fcledted, which muft be 
large enough to cewer the end of tlio muffle, and upon this 
a lecoiid piece mull be placed to fupply the place of the 
firft when tlial is burned away. The fpace then immedi- 
ately above the muffle muft be filled with middling fized 
pieces of coak, carefully building it up in the .front, fo as 
to keep it even with the ficics G, G. The door, as /hewn 
vXjig* 3i is then to be placed in the front, prefling it clofe 
up to the Tides G, G. To light the fire, nothing more is 
nccelfary than to fill the fpacc under the muffle with red-hot 
charcoal, and by drawing the damper a good way out the 
fuel will foon be alight all over. In Rg. 2. it will be found 
that we have endeavoured to Ihew the pontiou of the fuel 
placed in the order of our defeription, witli a feftion of 
the muffle fliewing the height of the charcoal which lies at 
the bottom when the fire is in a Hate fit for ufe. For we 
muft here obferve that it will be always neceffary t(^ beat 
that pretty fmoothly dowm, that the apparatus which the 
dial lies on may be placed fteadily upon it. 

As it would be dilficult in this figure to flicfw the pofi- 
tion of the dial-plate in the fire, we have given, at fg. 8, 
a fedlioii t>f the apparatus as it is placed under the muffle ; 
a being the dial-plate ; hl^ the ring ; r, the planch j d, the 
turner. In uTing thcTc, the turner is firft placed fteadily 
upon the bed of charcoal, and the dial, being placed uj on 
the ring is laid as nearly as pofiiblc in the cenltre of the 
planch, which is conveyed under the muffle, and placed upon 
the tinner with the fpring tongs, as fhewn at fg*^* When 
one fide of the j.late is nearly melted, the planch may be 
turned round by a flight touch with the tongs, till the whole 
dial is completely fufed all over, wlieii it muft be withdrawn 
from the furnace, and placed juft in the front of the muffle 
to cool gradually. 

Ftg, 4. lb an end elevation of the muffle placed on the 
prop, as fliewn at yfjr, i. 

Fig^ 5. is a VC Heal feClion of the fame through the 
line a b. 

Fig* is the ifon key with an aperture in the end, which 
fits the fijuur(‘ pin, rs in the door, as Ihevvn at fg, j, and 
is Uvld to remove the door from the front of the furnace 
when it is hot. 

FtHNAC K, Founders, is of diflerent forms, according to the 
kind: of works to be caft. See Fouxdeuv and Ikon. 

1 UKNAOK, Chfs-lJoufi'. See Glass. 

Fuknack for Glafs*Fainters* See Fainting on Glafs. 

Fu KNACK, Hatt rs. See Hat. 

F'uknace, Latuf. See I.amp. 

1 UKNACEi Letter Founders* See LETTEit-FouNDERy. 
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FurnacBi Melting. See .^ir-FoRNACE. ^ 

Furnace, Plumbers, is of three kinds: in the firft they 
melt the lead, whereof (heets are to be call. This is only a 
fort of large copper, or receptacle like a copper, made of fire- 
ftone, and coated well round with clay, having a little iron 
pan at the bottom. In the fecond, they melt uie lead to be 
caft in moulds for pipes, &c. which are not to be foldercd. 
The third is the tinning furnace, which is a fquarc frame of 
wood, or fometimes a mafs of ftone-work, witn brick licarth, 
whereon is made a cliarcoal fire, which ferves them for the 
applying of thin tin leaves on the works. See Plumbery. 

Furnaces for baking Porcelain and Pottery, See Kiln 
and Porcelain. 

Furnaces, Portalle, See above, Knight’s, Black’s, 
Lewis’s, Mnftiet’s, Aikin’s, &c. 

l^UKViAcv. ufed for baking 1 'ubacco‘pipes* We may, perhaps, 
be criticifed for introducing into our plates the implements 
of fo trifling a manufa^lure, but we (hall excufe ourfelves, 
on account of the ingenious ftrudlure of the furnace, and the 
application which may be made of it to other and more Im- 
portant purpofes. This furnace is to be admired for equa- 
lity of the heat in every part of the crucible, or pot, in which 
the pipes, or other articles to be heated, are placed, at the 
fame time that the flame is not permitted to enter, fo as to 
foil the articles it contains. This crucible is marked A A, 
Plate III. fgs. 4 and 5 ; it is of a cyTndrical figure, termi- 
nated at the top by a hemifphere ; it is placed over the firc- 

f flace, B, and cnclofed within a furnace, D D, of brick-work, 
incd with fire-brick E E : between this lining and the cru- 
cible is a fpace of about four inches, all round in which the 
flame from the fire-place circulates, without interruption, 
except wfliat arifes from the numerous fupports which arc 
necelfary to fuftain the crucible in its proper pofition ; but 
as thefe are always placed edge-w^ays to the name, and are 
very thin, they caufe but little obftruftion to its a£lion : 
the fupports are 1 2 ribs, between the crucible and the lining, 
w'hicli form the fame number of flues, as (hewn by the dotted 
lines X, fg. 5, (the dotted circle A being the crucible) : the 
ribs are perforated with occafional apertures, (fee the fec- 
tion, fg* 4,) to connedt one flue w'ith the adjoining ; but 
the principal bearing of the crucible is taken from five piers, 
bbc, formed of bricks, projcdling one over the other : one 
of thefe piers, c, is placed at the back of the fire-place, and 
the other four at the fid(\s b, b, and projcdling at the top, 
nearly into the centre of the crucible, fo as to fupport and 
ftrenglhen the bottom of it, ‘which refts upon thefe piers, the 
fpacc s between wfliieh form the mouths, or commencement 
of the flues furrouiiding the crucible ; at tlie top of the 
crucible all tht* flues unite in the dome, L, of the fire-brick 
lining, and lie’s has a circular opening through it, leading into 
the chimney N. 

The lining, F E E, of the chimney is open on one fide, (fee , 
the plan,) to form the door, at which the pipes are taken 
in and out of the furnace ; the opening is permanently clofcd 
as high as k, fg* 4, by an iron phue pTaftcred with fire-clay ; 
above this it is left open, and only clofed when the furnace 
is burning by temi'iOrary brick-w ork : when this is removed, 
the furnace can be filled or emptied through the opening ; 
and, for this purpofe, the crucible has a fimilar opening in 
its fide : when the furnace is burning, this aperture is clofed,* 
by an ingenious contrivance : the ivorkman firft fpreads a 
layer of clav round the edge of the opening ; he then (licks 
the ftems of broken pipes acrofs, from one fide to the other, 
and plafters the intcrftices wflth clay in a manner cxaAly 
fimilar to the lath and jilafter ufed in building. The wfflcle 
of the crucible is made in this manner ; the bottom is corn* 
pofed 6f a great number of fragments of pipes, radiating to 
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th'2 centre ; tlicfc are coated with a layer of clay at the cir- 
cumference ; a number of tlic bowls of broken pijies are in- 
ferted into the clay ; in thefe, other fragments are placed up- 
right, to form the fides of the crucible. Tlic ribs round the 
outfide, which form tlie Hues, arc conflrutb^d in the fame 
maimer, as is alfo the dome, L, of the fire-brick lining ; by 
this means tlie crucible can be made very fh-ong, but at the 
fame time fo thin, a:*, to recjtiire but little clay to conllru£f it, 
and is lefs liable to fplit l)y the heaS lluin a vcfTel formed of 
thicker materials. This method might, we think, be advan- 
tageoufly applied in other cafes, where a very thin vcficl or 
lining is required for a funirice. The pipes wliich are to be 
baked arc arranged within tlr crucible, as fliewn in the fec- 
tion, the bowls reiliug againll the circumference, and the 
otliiM' ends fupported upon circular pieces of clay, r, whicli 
arc fet up in the centre for that purpefe ; fix finall ribs arc 
made to project inwards, all round the cnxible, at t!ie pro- 
per Lelglitt;, to fupport the dir'erent ranges of pipes, without 
having fo many retting upon each other, as to endanger 
their being cruflied by the weight. By this mode of ar- 
rangement, the furnace is made to contain 50 grofs, or 7200 
pipes : thefe require to be burned from feven to nine hours ; 
wid the heat is at lirit brought on gently, and afterwards 
incrc:if.d to the full heat required for baking this fjjccies of 
pottery : the fire is regulated by a fiinple I'jnJ or dampiT 
applied over the aperture in tlio dome, L, of the firo-hrick 
lining. This is a mixture of hoi fe-dungi fand, ami pipe-chiy, 
well worked together, and fpivad in ihiu layms upon 
coiirfe brown paper : a flieet of tlil.< b' in;; l ed ihr liv>lc 
in the dome, lo to cover more cr lefs of il, will giw the 
means of increafing dlmiiuihing the draught, and, confe- 
quently, the heat of the fvirnacc. 

We fludl conclude this article with feme ufeful hints illa- 
tive to the different kinds of fuel, the management of fur- 
naces, and the quality and form of crucibles. 

The fuel employed is of tlirce kinds j namely, pit-coal, coak, 
and charcoal 5 the liril of which is feldoin employed but 
for reverberatory fumaccs, where fubllances are to be 
heated by flame, or heated air. The nature of coaka varies 
according to the manner of preparing tlu*m, and the nature 
of the coal. For fome purpofes, fuch as melting fleel, or 
in other filiations, where long continued and intenfe heat is 
required, the coaks are made fo hard as to exhibit a bright, 
white, cryftalhne frai^urc. In other cafes, where great heat 
is not required, and where expedition is more an objeft, the 
foft coaks are preferable. When a clear fire, free from 
fmoke, and the fiiifocating vapour of fiilpluirous acid, from 
pit-coal coak, is required, charcoal is found exceedingly 
convenient. Charcoal is alfo fometimes mixed with coak, 
for the piirpofe of making the coak kindle more fpeedily. 
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When coak, or pit-coal, is employed, the grate is liable to 
be choaked, from the fufion of the earthy matter with which 
it moftly abounds. An iron rod, with a hook at one end, is 
ufed for removing this fubftance from the grate, which 
otherw'ifc would prevent the pafTage of the air. After an 
air-furnace has been ufed for fovcral hours, when the fire is 
let out, the bars ought to be taken out for the purpofe of 
removingall the flaggy matter. 

Nothing, perhaps, is of more importance, in the dry opera- 
tions of chvjrnittiy, than good crucibles. Formerly we had no 

f ood crucibles but what came from Holland, and thofc termed 
leflian crucibles. The moll effential point in making good 
crucibles, is to get clay as free as poflible from metallic oxyds, 
particularly iron. A crucdilc fhouM be capable of bearing 
a heat that will thoroughly fufe the fubftance put into 
it, without becoming itfelf fo foft, as not to bear lifting out 
of the fire. And it fnould alfo be capable of bearing fuddt. 
extremes of heat and cold, without cracking. The firlt of 
thefe objects ia attained, by iiitroducin]^ as much pure clay 
into its compofition as pidEble. Crucibles, made folely of 
clay, however, are very liable to crack will) extremes of heat 
and cold. This latter evil has been avoided, by mixing the 
coarfe powder of burnt clay with iho pure clay ; and fome- 
times fur the burned clay pure white fand has been ufe<U 
The crucibles ufed for melting ftcel, wi.ich requires greater 
heat thin is generally ufed, arc made vviili Stourbridge clay, 
and llv’ powder of other hard coaks, wliitii arc uftd as fuel. 
Thefe j)ot8 will fometimes bear four iKats, or meltings, 
wilhout eroiking or lofng their form. 

The infid.' of a crucible is in figure nearly a paraboloid, 
and the outfide a truncated cone ; fo that the Tides arc gra- 
dnally thicker towards the botti in. The Hands and covers 
of ei*uci))les ought to be made of the fan e materials as thr 
crucildes : the ftaiid ihould be cylir liical, and of the dia- 
meter of the bottom of tlx* crucible. 

Previoufty to a crucibh' being pul into the fire, it Ihould 
be gruilually heated to at leaft a low red hc?at ; ;u;d a good 
crucible, wliich has been heated till it to vitrify, can 

fcidoiu be Iruilcd a fecund time in the fin'. 

A crucible ihould never he introduced, or taken out of tl>e 
fire by tongs, holding il by one tide only, but by fucli as will 
eiiibrace it clofvdy on the outilde, by having the mouth M* 
the tongs of tlie curvature of the crucible. Wlu 11 a crucjbK' 
is v.i*; hot in the furnace, the fire ihould nut be fuifen d to 
gvt very low, llnce the introdudion of a great quantity of 
cold fui*l will be liable to break the crucible. Crucibles are 
much more liable to crack when they ha yc been baked very 
hard. If they are mtivly hard enough to bear putting into 
the fire, and to bear the v/eight of the niuterials, it is fuf- 
ficient. 
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Fustian 


FUSTIAN, in Commerce^ a kind of cotton ftiifT, which 
feems, as it were, quilted, or whaled on one fide. 

Manege derives the word from fujlanum^ which in the 
corrupt Latin writers is ufed in the fame fenfe, and is fup- 
pofed to be formed from fujlis^ on account of the tree 
whereon the cotton grows. Lochart derives it fioin fujlaty 
which, in Arabic, hgnifies the ancient city of Memphis, 
where cotton is produced in great abundance. Right fuf- 
tians fliould be made altogether of cotton thread, both 
woof and warp. 

Fustian, in the Manufadure of Clothe is a fpecies of 
coarfe thick twilled cotton, and is generally dyed of an olive, 
leaden, or ether dark ciduiir previoufly to its being ufed. 
Befides the common fuftiiin wdiich is known by the name of 
pillow (probably pilaw) fuftian, this manufacture, which is 
chiefly carried on in Lancafliire, and the weft riding of York- 
fhirc, comprehends the cotton fluffs known by the names 
corduroy, velverett, velveteen, thickfett, and the other 


thick fabrics iiLd for men’s wcai'ing apparel. The com- 
mondl kind of fuftian is merely a twill of four, and fome- 
time 8 fivV leaves of a very clofe flout fabric, and is very 
narrow, f Idom excoediiig 17 or 18 inches in breadth. It 
is cut from the loom in half pieces ur ends as tijey are ufiially 
called, and after undergoing the fubfeqiunt operations of 
dyeing, drelfing, and folding’ is ready for the m;irket. The, 
end or half piece is generally from 30 to 40 yards. 

Tlic draught and cording of cojnmbn * rufiian is very 
fimple,being generally a regular or unbrokeiUvvrcl of four 
or fivt leaves. Ik'low an! Ipccimcns of a few diSTerent kinds 
fele<^tcd from thefe moll geiiemlin Lancafhirc. 

Tlie number of le tves of heddles are directed by the 
lines acrofs the paper, and tlie cording by the cyphers at the 
left hand coi:nerf., thofe which raife every leaf being diflir;- 
guifbed by the ( yphers, and thofe which hnk them left blank, 
as more efpecially explained in the article DiiAVcnrr had 
Cording. 
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No. I.— Piliow Fuftian. No* a,— — Plain Velreret. 
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Of the above each contains four leaves of heddles or heddlcs will be difcovered by tli” figures between the lines 
hcalds ; .that reprefented by No. i. is wroiight by four and the order in which the treddlcs are to be fuccclli\c! 
treddics, and that which is didinguifhed by No. 2. by five ; prelTed down by the figures below, 
the fuceelfion of inferting the threads of warp into the 


No. 3. — Double Jean* No. 4— Plain Tliickfett. 
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Thefe, like the former, are wrought Avith leaves. No. 3. arc marked by the refpeftive numbers between and under tlu 
requires four, and No. 4. five treddlcs. The fucceflion of lines, as in the former example. Both are fabrics of 
iiilcrting the threads of warp, and of working the treddlcs, in very general ufc and ellimation as low priced articles. 
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No. 5. — Bell Thickfett. 


No. 6.-.Velvet Tuft. 
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Thefe are further fpccimens of what may be, and is, examples of this defeription of work, and fhall then add a 
executed witli four leaves, and in both examples five treddlcs very tew fpccimcns of the more extenfive kinds, 
arc ufed. ^V ith two other fpccimens we lliall conclude our 


No. 7. — Cord and Velvcret. No. 8. — Thickfett Cord. 
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In thefe the fucceflion of drawing and working are terns wrought with fix leaves. ^No. 9. has eight, ^nd 
marked like the former. The next are examples of pat- No. 10. five heddles. 


No. 9. — Double Corduroy. No. 10. — Genoa Thickfet. 
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In both thefc the warp Is inferted into the hcddlea the cut work, known by the name of Yclveteen. ^ They are alfe 
fame way. The difference is entirely in the application of upon fix leaves, and the difference is folely in the cording 
the cords and in the fucceillon of prelung down the treddles. and in the treading* 

We now give four fpecimens of tne fpecies of flufhed and 


No. II. Queen’s Velveteens. No. I2* 
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No. 

13. — Plain Velveteen. 




No. 14.— Genoa Velveteen. 
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The additional varieties of figure which might be given 
are almoft endlefs, but the limits of this article will not 
admit a further detail. Thofe already given are the articles 
in moll general ufe. The varieties of fancy may be ia- 
dulged to great extent, but it is univcrfally found, that the 


mod fimple patterns in every department of ornamental 
weaving, are thofe which attraft attention and command 
purchaiers. We fliall therefore only add two examples of 
king^s cord or corduroy, two of Genoa and common veU 
vet, and two more of jean. Thefe will be found below. 


No. 15. — King’s Cord, No. 16. — Dutch Cord. 
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FUSTIAN 

Mifcellawons Remnrh, — In the niaiuifadure of cloth it is 
d‘lficult to fiK u})on any gencfic term for a variety of articles 
which, howcvei, boar a very near analogy to each other, 
and are only dilHng’ilIliable cither by a dlfh ronce in the 
inateriiil of which they confid, or hnne fmall variation in 
the proccls of mantihielun'. In tills article the word 
fiillian has been ufed as the generic term, and examples 
have been given of the molt common fabrics of the fanciful 
varieties of this article. Dr. Johnfon contents himfelf with 
deferibing fuftian merely as a kind of cotton cloth, which 
although probably very juft, conveys no impreftion whatever 
to the mind, excepting, that in its raw Hate it is a vegetable 
fabSance, ibund in moll of the tropical cliinatts, aiid that 
when nianuf.i6lurcd it frrvcs as a covering for the human 
bodVf or for fome other clomeitic purpofe. 

The example!,, Ihort as the article is, will be f'lind to con- 
tain an abftrail of moft of the articles known by the various 
names of fuilian, jean, c ordu thickfet, vdvi-ret, velve- 
teen, &c. ill the cotton maniifadlure ; of pLiiding, blan- 
keting, ketfoymere, plum f»Tge, &c\ in the woollen, and 
offatin, 6tc. in the filk. Or velvet tin re are properly only 
two kirds, tint with a plain and that with a twech d, or, as 
it is e.ilkdj a (iLiu>a gi*(emd or back. When the 
m''r\r^d Is liik, it ii c.ilLd v*, Ivel, when cotton, velvetttMt, 
and ri‘; i it; tlic i'ok dillcrencc. In the fame way a common 
tvvecled cloth, v-hen compolul of filk, is called fatin, wdien 
of cotton, fuftian or jean, of wuullen, pluiding, ferge or 
kerftymcrc, and in ilie liiien h diftinguilhcd by a variety of 
names according tv* the ([indif y or lea nei'>, or the place where 
the article is inmufa-'-nin d. It would Paid greatly to fimplify 
an analyiis of the various mair.'fafturcs of cloth, were a gene- 
ral nomenclature intn'duced, as has been f<> uiccelsfully done, 
in the more coniprelunilive and Important fck nee of chemillry, 
and the iinivorfal uiefiduefs of the art, as embraciiig a 
variety of articles of neceftity to the pex.r, and of i»rn:i- 
mental luxury to the rich, would render the attempt very 
defireable in every refpedl. But while the knowledge ot 
the art continues to be confined to operative mechauica and 
to nvanufafturers, little difpofed to ftudy fimplicity or 
arrange and claftify ideas, this in rather to be vviihed for than 
fxpetted. In all the fanciful branches which form the 
fu^eft of this article, the cloth undergoes a variety of pro- 
celTes after coming out of the weaver’s handr. Of thefe, the 
firft is cutting i\ig fluflitd warp to raife the pile as it is called. 
T\m is performed on a flat table w ith a fliarp pointed knife. 
It is neceflary in this to b,e careful that the knife may only 
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i'ut tlie pile without injuring the back or fabric. I am not 
aware (fays the avriter of this article) that any attempt has 
tver been made to render this eitber more fafe or fpeedy by 
tf.c aid of any kind of machinery. It is faid. indwd, that 
iji the manuf.iclure of Wilton ps^rpets and hearth ru^s, 

( .vhich are merely w'orlled velvets,) grooved wires a;'C in- 
trodiic( Q and cut out in the loom by the w'eaver, the groove 
All the wire fcrvtng as a guide for the knife, to prevent it 
from injuring tlic fabric of the cloth. Tlie next oj^eration is 
that of dyiie.g, which depending entirely on the chemical 
procefTes necelfcti y to give (he greateft poITible brilliancy and 
durability of colour, to the material of which the cloth is 
con^pofed, forms no part of this article. With little varia- 
tion in the mechanical pat t, many kinds of cloth, differing 
widely in the material and equally fo in tl c texture, are made: 
but the variety is boundlefs. 

Fustiax, in Cniici/iUf a word ufed to exprefs bombaft. 
.Stc Bombxst and Fiucjid. 

FUSTIC, Old, as it is called in this country, (the 
holi jetune of ilie French,) is tlie wood of a large tree, the 
Mohus tlnRoria^ which grow s -bnudantly in many parts of 
the Well Indies and the American continent. It is of a 
fulphur colour, pregnant with colouring matter, wbicli is 
nnicli more durable than any of the otluT yellow dyes, 
that when applied without a mordant, the dye is conlid(fral)ly 
durable, but Hill more lo when ufed with the fame mordants, 
as w'oia or ipicrcitron. The dectxilion of fulUc in water, 
when llrong, has a deep and fornewhat dull red yellow, 
and by dilution becomes orange-yellow. Acids produce iu 
it only a flight precipitate, which alkalies rediflblve, render- 
ing the lic]uor red. Fullic, though valuable on account of 
tlic durability of its colour, is feldom ufed for the pure 
yellows, an the colour given hy it is dull and muddy. It is 
chiefly ufed in coi'nj)ouiid coloun;, as in forming green with 
a baxon-bluc bails ; or in producing, with a mixed mordant 
of alum and iron-litjiior, an intiiiite variety of drab and olive 
dyes, in which cafe the dullnefs oi' its colour is of no confe- 
quencc. It is chii’fly ufed in general dyei > 1 ;^, aiid felduip 
in jirinting. It {rocs nnuli fnrOifr tlian wc-ld. 

7'oufr^fif/licy the fuf.t of the French dyers, Rhus cathms^ 
i)C Venice fumach, is a fhrub growing in Italy, and the 
fouth of b ranee, wliieh givis a hue greenifti yellow without 
any permanence, fo that it is ne\cr ufed alone, but merely 
Ui an aecefloiy colour to lieigliten cochineal and other Jyes^ 
and occal'on their approach lo vtllovv. 



Gage 


Gage, in Carpentry and Joinery t is an inftrument for draw- 
ing a line on one of the faces of a piece of ftuff parallel to 
another, in order to reduce the ftuff to a breadth or thick- 
nefs. 

Its chief life is for gaging of tenons true, to fit into mor- 
tifies ; and f^** gnging ilufi* of an equal ihicknefs. 

It is made ot an oval piece of wood, fitted upon a fqiiare 
ftick, to fiide up and down ftifBy thereon, and with a tooth 
at the end of a ftaft, to fcore, to Hr ike a line upon the 
fiaff at any diftance, according to the diftance of the 
oval from it. 

(r \c.K, in the Sea Language. When One fiiip is to wind- 
ward of anotlier, fhe is faid to have the weather gage of her. 

The feamen alfo call trying how much water a fifip 
draws gaging^ or rather of her ; and it is dont* thus : 

Tliey drive a nail into a pike, near the end, and then put 
clown this pike by the rudder, till the nail catch hold under 
it ; for then, as many feet as the pike is under water is the 
fhip’s gage, or depth of water file draws. 

Gage, among Letier-foundtrs, is a piece of box, or other 
hard wood, varioufly noteJu d ; which is ufed to adjiift the 
dimenfions, flopes, &c. of the different forts of letters. 
There are feveral kinds of thefe gages. See Foundekv. 

Gage, in Pneumatics^ is of variot « forts, according to the 
purpofes to which it is applied. Thus. 

Gage of the Air-pump, The principle upon which the 
gage of the air-pump is conftrudled is very obvious ; we 
lhall here briefly deferibe thofe that are in common ufe, 
a id refer to the article L^m-pump for the mode of their ap- 
plication, The “ fiiort barometer gage’’ is merely the 
lower part of a barometer or a tube about eight or nine 
inches in length, filled with mercury, and immcr!ed with its 
aperture into a fmall quantity of mercury contained in a 
glafs-veffel, which forms the ciftern. This gage is either 
placed under the receiver upon the principal ]fiate of the 
pump, or it is placed under a feparate fmall receiver, upon 
a fmall auxiliary plate, which is annexed to fome air-pumps 
for this purpofe. As this gage is not equal to a whole baro- 
meter, it will not fiicw the very fmall degree of rarefadlion ; 
but its indications will commence when about three-quarters 
of the air have been removed from the receiver, that is, 
wlien the air lias been rarefied till its remaining clafticity is 
not able to fupport that column of mercury. This gage 
has a fcalc of inchcvs and parts of an inch affixed to the tube, 
which fhews the prccife ^titude of the mercury in it, The 

long barometer gage” is a tube of about thirty-three 
inches in length, open at both ends, having its lower end im- 
merfed in a ciftern of quickfilver, which is fixed on the 
pedeftal, or lower part of the frame of the pump ; the tube 
itfclf rcacliing from that place to the height of the plate. 
The upper aperture of the tube communicates, by means of 
a brafs tube, with the infide of the pump. This is, in reality, 
an empty barometer, which is filled with quickfilver, by 
withdrawing the air from it through its upper aperture ; 
and if the pump could produce a perfect vacuum, the mer- 
cury in this long gage would rife as high as it does in t];e 
common barometer ; but as the pump cannot exhauft fo far, 
therefore the difference of altitude between the me/cury of 
the long gage, and that of a common barometer, fhews the 


quantity ot air that remains in the receiviT. This difference 
of altitude is indicated Iw a fcalc of inches and parts of 
inches, which is always affixed to tlie long baromcler gage.. 
As the altitude of the mercury in a common barometer is 
to its cotemporancous altitude in this gage, fo is the whole 
quantity of air which was in the receiver before the rarefac- 
tion to that quantity wliich has been drawn out of il. The 
“ fyphon-gage” differs from the fiiort barometer gage 
merely in this circumftance ; that iiiftead of terminating in a 
little ciftern, in this gage the tube is bent and rifes upwards 
wfith its aperture, which by means of a bn-fs tube is made 
to communicate with the infide of the pump ; fo that the 
afeonding leg of the tube performs the office of a ciftern : 
hcncc, in rarefying the air, the mercury defeends from the 
clofed end of the tube, and rifes into the afeending leg ; and 
confequently the altitude of it in one leg above its Jiltitude 
in the other leg, which is in reality the cificrn, fiiews the de- 
gree of rarefaifiion, and tliis altitude is denoted by an an- 
nexed fcale of inches and parts of inches. 

The gages above-mentioned evidently indicate the clafii- 
city of the fluid, wh ch remains in the receiver of the pump 
after a certain degree of rarefaction ; and it is immaterial’ 
wliether that fluid be air, or vapemr of water, or 

other elaflic fluid ; but there is another gage, which from 
its fiiape' was called the “ pear -gage” by its iuNcntor, 
Mr. Srneaton, and which fiiews (not at the actual time, but 
after the re-adinifiion of air into the rice iver) how much 
air was left in the receiver in the ]:reieJi!?g i*arefa6tion. 
U’hi? pi’a/-g'*ge confifts of a glafs-veirel A [Plate XIV. 
Pneumatics, fg. 4. ) which has a fmall projecting orifice II, 
and at the other end it is extended into a lube, doled at D ; 
the capacity (J this tube is the loodthpart of the caj>aciiy 
of the whole vciiel. This gage is fufpended, with its ajier- 
ture downwards, to the lower end of a flip-wire, cir a wire 
which, paffes through a collar of Ldther, witiiin a plafl- 
rectiver of the pump, and exailrtly under it a friiall cup, con- 
taining quickfilver, ispiaetd upon the plate of the pump. 
When the pump lias been work-^'d to the inlendtd degree, 
the air in the pear-gage is ev dently r. rt fied i\s n.ncli as it is 
in the receiver. In that ilate, by lowering tlie flip vs ire, the 
pear-gage is letdo sn tillit^ aperture B hes reached the bot- 
tom of the mercury, his done, the external r.ir is ad- 
n:ir. d into the receiver ; but it cannot be admitted into the 
pea'--gHge, beca'Tc thi* apert ure B of thut gage is now im- 
merfed in th^* quickfilver ; but the preffiire of . he atmo^ 
fphere on the fiirfacc of the quickfilver force? lluit fluid into 
the pear-gage, and fills it up to a certain degrt'c E ; then the 
upper part jl) E of the gagt wfill contain all the oir or vapoui 
wdudi occupied the whole cavity of the gage during the 
rarefiidion. Annexed to tl e upper part D JE of the gage 
is a divided fcale, whicli fin ws what part of the capacity of 
the wh'^le gage ib filled with air, and of courfe it manifefts 
the degree to which the larefadion of the air had been 
carried. £. G, If we find that the part D £ of the gage, 
which is filled with air above the quickfilver, is the 50oatb 
part of the whole, we may conclude, that the air in the 
receiver had been rarefied 500 times, &c. But between 
the indications of this and of the preceding gages, there 
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will be a very confidcrablc difft rence. When the receiver 
CO itains no other fluid bcfidc i air, then tlie pear-gage and 
the other ^ages indicate the fame degree of rarefaafon ; but 
if the receiver contain the vapour of water or of other liquor, 
then the pear-gage w'ill indicate a much greater d egree of 
rarcfadlion than Uie other gages ; bectiulc the vapour which 
has elailicity fufficuMit to iiipply the place ofnir in there- 
cciver, on the re-admiflion of air, is Cvuideuled into a fpacc 
much frnaller than the fame quantity of rarefied air can be 
condenfed into ; lo that the pear-g ige (licv/s the quantity of 
rt//* alone which had been loft in t lie rocoiv^r; whereas the 
other gages fliew the quantity of elaitic fluid ^Yhich is adlually 
remaining in the receiver. 

The extraordinary powers or<‘xlruin.ion in Mr. Smeaton’s 
air-pump, as they are indicated liy his pear-gage, have been 
t'onfidered with poLMiliar attention !iy Mr. Nairne, F.R.S. 
lie was led to j)rofecule a feries of experii^icnts on tliis fuh- 
by obferving the remaikable clifleivnce between the in- 
dications of exIiaiilUou and iMi\‘uivl:tH)n by tins gage, and by 
the common baronvter-gage. Having ufed every poflible 
precaution in jireparing Ins dKTen’nt gages, be iievcrtbcleln 
found, tliat, when tin*) aiv put inubT a receiver, placed on 
a leather drelTed in alum, and foaked in oil and tallow, ac- 
cording to his ufual method, and the pump was worked 
for ten minutes, the qinckfilver in tlie barometer-gage rofo 
to w'ithiu one tenth of an inch of tlie heiglit of tlie (piick- 
fllvcr in tlie llandard barometer, which was at tliat time at 
thirty inches, and indicated that the air had b(‘en rarefied only 
about three hundred times ; whereas Mr. Sm^xiton’s pear- 
gage indicated a degree of exhauflion equal to fix thoufand 
times; the whole of its cavity, on dipping its open end into the 
cup of quickfilver, and letting in the air, except a fix tliou- 
fandth part, being filled by the quickfilver. The difference 
of indications by thefe two gages was found much more 
confiderable in fubfequent experiments. Having an oppor- 
tunity of repeating fome of thefe experiments before the 
honourable Henry Cavendiih, Mr. Smeaton, and others, 
in April 1776, Mr. Cavendiih account jd for the obferved 
and allonifhing difference, by referring to hmie experiments 
of Iiis father, lord Charles Cavendilli, from which it ap- 
peared, that w'at' r, whenever the prefl'ure of the utmofjihcre 
on it is diminilhed to a certain degree, is imim diately turned 
into vapour, and reduced as fuddtudy to vvattu* again on re- 
ftoring the preflurc : the degree of jireffure varies according 
to the temperature of the water; for wIkmi the heat is 72 
of Pkihreiiheit’s fcale, it turns into vapour as foon as the 
preffurc is reduced to that of three quarters of an ineii t>f 
tpuickfdver, or about one fortieth of the ufual preffurc of tliC 
atmofphi're ; but wlien tlie heat is only 41 , the preffurc mail 
be reduced to that of a (piarter of an inch of quicklilver, or 
to one hundred and twvntieth of the ufu d preflure, before 
the water turns into vapour. According lo tins theory, 
whenever the air in the leeelMU’ n. c .'luuiiUd lo the nbf>'c- 
mentioned degree, the muiiiaij aillienng to the diflenuit 
parts of the machine will be converted into an ekdlic vapoar, 
and fapply the place of the air, which isdiMA u away by tlio 
working of tlu! pump ; and the Iluid l. fi in tfie receiver and 
P ’iir-gage will be chiefly this vapour Win n the air is let 
into th-'' receiver, the vapour wiilnn the ]<‘‘ar-gage will be 
reduced to water, and only th * re.il an \\ ill n main lu. con- 
den fed ; and therefore this gage only llieus how much real 
air is left in the r6cciver, and not how much the preflurc or 
fpring of the includ^xl air is diininilhed ; uher.-as the baro- 
metcr-gage fltewshow much the incLicled fluid i.. dmiinilhed, 
andthai' equally, w!i**ther it coufids of air or vapour. In 
order to afeertain the truth of Uiis plaidiblc thaviry, Mr. 
Naifne proceeded to free e^ery pait of his apparatus as much 
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as poflible from any adhering moiflurc, concluding that by 
this means be fliouldbe able to bring I ho two gages to ;ut 
agreement. Inllead of placing the ivcci/er on leather, au 
before, be put it on the pump-]datc, made as cLau aud 
dry as poffible, and applied a cement round its edge lo ex- 
clude the ontvv'ard air. Wlieri the pump in this liale was 
worked for ten minutes, tlie barometer-gago indicated a 
degree of exhaiiflion nearly equal to fix hiindred ; and, on 
letting the air into the receiver, the pear-gjuv* indicated a de- 
gree of exhuufUon little more than fix luindred alf'. lu 
anothv'r experiment he put a piece of tlie oiled lealluT above 
mentioned in the receiver, and found, on working the pump, 
that llie baromet(‘r-g »ge indicated a degree ol exhanllioii 
of neatly three hundred, but the pear-gnge indicated a 
degree of exhaullion not lefs ll*ai) fi'ur thouland. l>ut on 
taking out the jilece of leatlier, and npi^aling the c\p(‘n- 
meiits, the two gages agreed, as berurc. Having thus con- 
cluded, ill general, that a confiderable quantity of vapour 
arofe from the compound of leather, alum, oil, and tallow, 
it was his next objed to fnid out from wliicb of tliefe fub- 
llanccs the vapour was principally deiived. For this piir- 
pofe he feparately and fncceliivi ly included in the receiver 
two ounces of tallow, the fame quantity of oil and aium, 
and a piece of leatlun* as it comes from the leather-fallers, 
weighing a hundred grains : from thefe experiments he found 
that the ekiliic vapour, which occalioned fo great a dilTer- 
enre in the teflimony of tlie gages, amfe chiefly from tlic 
b'ather, and v'ery hule from the tallow, oil, and alum. In 
the experiment with the leather, it fupplied the place of the 
cxhaiilled air fo fall, that he could not in ten minutes make 
ihe.barometer-gage indicate a degree of cxhaultioii of more 
llian ahniuhcd and iiFty-ninc; whereas that of t!ic pear- 
gage was a hundred thoufand. In order to deteriviue whe- 
ther the* dilh rence in the gages was occufioned by the moif- 
ture of the leather, Mr. Nairne repeated the experiment 
with a piece of freih leather, weighing a hundred grains. 
Tlie pear-gage indicated a rarefaeiion of a hundred ihou- 
f.nul, and the leatbiT bad loll two grains of its weiglit ; 
when the fame pin t' of leather was fo thoroughly dried by 
tlie lire till it wonld lofe no more of its weight, and tluu 
reduced to eight grains, it gained lwop;rainsin tlie experi- 
ment, and the peai-gagv" exlnbilf'd a rareiaClion only of two 
luindred and tughty. Tlie leather was aflerwuirds held in 
the lleam of hut water till it had regained former moif- 
turc and wfight, and tlu: degree of eAlumilion indii ated by 
tke Jiear-gvige was a hundred thoufand, and the lofs of 
we'ghl, t\\<# p;ratns, before. In the* hi il of tliefe experi- 
ir.enls, the d' gn e of rarefaCiiou imileat-'d by tlie barometer- 
gage w at. a huiidrfd and thirt y-fonr ; m the fecond, two 
hundixd and listv -eight ; and m tla* tiu.d, one hundred and 
for'.y-f' vt n. Tiie tfl tie* vapour ariiing from fmall 

(jiiantltiei oi dnlerent fluui-., a id 1/om utb r li.btlanees con- 
laming modi lire, vmis tiud in a variety ui mlutiices ; and 
h.c. i.jg louiul tluit the fmidi qiiimtily of moillurc winch ex- 
haled from the fubihincey under ihe receiver, prevented the 
pump from exliauliiiig lo ii co.iflderalle degree, Mr, Nuirue 
fufpetiiied that vvhtmvi.r utt leather had been ufed to con- 
nect tl’.e receiver with the plate, tla ic mull have anfen f<» 
great a quantity of vapour as to Jiave j.r.'venli d the degree 
of exbaulljon trom bting nefir !’o gr^^al as In oilier inllances* 
This led liim to another fet of expvrim* nls, in older to af- 
certain this taif'l. Having flrll placed the receiver on the 
pump-plate, mad»‘ clean and dry. with only a little oil poured 
round the out fide edge of it, both gages agreed in indicating 
a rarcfadlion of lix liundred, as before : but when the re- 
ceiver vyas fet on leather that h;id bv»cn foaked for two davt 
in water, tiic rarefaiPtion indicated by tUe barometer -gagts 
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*wa5 uniforiuiy fifty-onc in three clifTerent trials ; but the 
pear*gii;ye exliibitefl firll fixtccn thoufand, in the fccond in- 
ftance fifteen htmdrjd, anti in the third one thoufand : when 
the recTivtrwns placed on a piece of leather, foaked in a 
mixture of w iter and fpiril of wine, the barometer-gage in 
thiee trials elw'Ays indicated a d‘;^;rceof exhautUon equal to 
forty-feven ; but the })ear-gagc was unnocountably various ; 
in tlie firll trial btln;^ twelve thoufand, in the fecond, 
eleven hiiii-lrjd and fifty ; and in the third, five hundred, 
liy ihcfj t‘xpf rl:n^‘nts it fiitTiciently appears, that the life of 
leather foa!v< d in water, or in water and fpirit of wine, pre- 
vents the pu n]) from exhaufllng to any confidcrable degree. 
By two other experiments, in which water was ufed for 
foflenisig the leathers of the piflons of a common air-pump. 
We find that the higheft degree of rarefadlion that could be 
procMu-ed was thirty-feven, according to the barometer-gage; 
and thirty-eight according to the pear-gage. Mr. Nairnc’s 
lail ex])erimejit fiirniihes a very extraordinary evidence of 
the efle< 5 l of vapour on the barometer-gage ; liaving put a 
phial of ether under the receiver, in order to produce arti- 
ficial cold, and working the pump for half an hour, tlie 
degr*e of exhaidlion indicated by the baromctcr-gage was 
only fixtcen ; though the fame pump exhaufted above four 
hund/ed times before the ether was j)ut under the receiver. 
The degree of cold produced by means of ether, in the ex- 
haullod receiver, was 48*', below o in Fahrenheit’s fcale, or 
103 below 55 , which was the temperature of the ah in tlie 
r.-.om where llie experiment was made. Phil. Tranfa6t. 
voL Ixvil. part ii. art. 32, page 614, See, 

G-AGK of the Barometer, is a contrivance for cflimatin^ the 
ex aft degree of the riL and fall of the mercury in the lor- 
ricv Ilian {ube. It is well known, tliat \\hilil llie mercury 
rlf’S in tlie tube, it finks in the cifleni, and vie: Virfd ; and, 
as t’'e di'luncc between tiie divillons graduated on the an- 
nexed fcale and the fnrfaceof the mercury in the cillern is 
not truly fnewn by tlie numbers on the fcale, errors mufl 
h^ppt-ii in determining llie prccife height of ti e inerciu'y. 
'J\) remedy this inconvenience, a line is cut upon a round 
pic'ce of ivory, whicli is fixed near the cillern : this lino is 
accurate ly plicx d at a given dilhnee fivm the fcale ; e. gr. 
twcnly-fevcji inches ; and a fmall flout of cork, witli a cylin- 
<\ric jjiecc of i\ory fixed to its upper furface, on which a 
line mud be cat at the dillance of two inches, cxaftly from 
the under furface of the cork, is left to play freely on the 
cjuickfilvcr, and the cylinder works in a groove made in t}:c 
Dll'.er piece: from this condriiftion it appears, that if thefe 
marks arc made to coincide, by railing or lowering the 
ferew which rifts on thc'qukkfilvor, tlu-n the divifions on 
the fcale wiil exprefs tlie true mcafme of the diilance from 
the furface. 

C vci: nf tL Condenfn', is a glafs' tube of a particular con- 
flrik'tion, adipted to the condcnling engine, and ddigmd 
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to fhew the exaft denflty and quantity of the air contained 
at any time in the condenpr, which fee. For this purpofe, 
let Ddefc, Plate XIV. Pnsumadrs, fg* 5. be a fmall ghfs 
tube, about one-tenth of an inch in diameter, open at D, 
but hermetically fealed at r ; D E a larger tube, hermeti- 
caliy fealed at D, and containing at that end a quantity 
of mercury, which takes up two or tliree inches in length, 
and covers the open end of the fmiiller tube ; the other end 
C, of the larger tube, is ftrongly cemented into tlie brafs 
c: bow-piece 0 E 0 at C, fig» 6, fo as not to be quite at 
r'ght angles with O 0, but to incline a little downwards, that 
tlic mercury at D may not run towards C, and pafs into the 
coudenfing glafs G B. This ga^e is fere wed on at o% and 
llic i’ljefting fyrlnije at O, a cock being interpofed at O or 
Cj or not tiled at all, according to the nature of the experi- 
ment. Whilfl air is injefted into the condenflug glufs, and 
the large tube of the gage at the fame time, the air in the 
fmaller tube, which has no* communication with the injefted 
air, mull be rarci* and w^eaker, and, therefore, the mercury 
at D wdll enter the tube, and advance in it, in proportion 
to the conclenfation of the air in G B. In Jg. 5, d, e,f, 
reprefent throe rings of fpringy wire, at fucli dillances as to 
fhew, by the motion of the mercury in the fmall tube, when 
the dtnfity of the air is doubled, tripled, or quadrupled ; 
becaufe the air, wljich at flril filled the wliole fmall tube, 
now takes up only the fjiaces r r/, c r, c f ; or, in Mr. Hawkf- 
bce*8 flyle, one, two, or tlmee atmofplu'ics are thrown in. 

Another kind of gage may be put witliin the condenfing 
glafs, at the bottom of it, when the ufe of the preceding 
gage would be inconvenient. This is a fhort cylinder of 
wood, 7, about an inch thick, with a hole through its 
middle between a and b, of about il inch in diamilcr ; the 
outward diameter of the cylinder mull be about four inches, 
fo that the cylinder may ealily Hand within the condenfing 
glafs on the plate, fupporting its bottom at 6. Tlicre 

is a hole at A of about ^ of an inch in diameter, and \ of an 
inch deep, filled with ineiviiry ; nc db is a fmall glafs tube, 
open at a, but Iicrinetically feakd at b, and bent to a right 
angle at c, the middle of the dillance between a and b. 
When tlic open end, a, is immerfed in mercury, and the air 
on the furface of the mercury cundenfed, the air in the tube 
will rv?cede towarJii tlie elbow c, and the mercury following 
it, fliew U> what dcg’rce it is condenfed. ^VI;cn the mercury 
io at r, then one additional atmofphcrc bears upon its furface, 
and two alrnofpherer, if it l)e come to d ; which places are 
marked by rings of brafs wire ; at a and I, about 

an inch of tlu‘ end) of the tidjc are bent to a right angle, 
ll’.at the end h may go hito tlie wood, wliilll tin* end a goes 
under the furface of the mercury, where it is lield by a cork, 
wliilfl; air is injefted into the ct'ndenfing glafs. Delaguliers' 
Exp. Phil, voi, ii. p. 394, fee. 
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GALLIC Acid* Ac'ide Fr. Galh^aure^ 

GalhpfAJauref Gvtiti. — The infufioii of nut-galls had long 
attracted the attention of chemifts, and had been the fubjeCt 
of numerous experiments before it was proved to contain 
a peculiar acid. Dr. Lewis, when engaged in tn enquiry on 
the beft method of making ink, found th.it the precipitate 
which a folution of galls affords with fuiphat of iron is not 
attracted by the magnet ; he likewil'e obferved that the 
black colour which it impac ts to the acid fulutiont of iron 
is. capable of being deflroycd and re-produccd by the al- 
ternate application of alkalies and acids. The academicians 
of Dijon went farther ; they afeertained that it reddened ve- 
etabfe blues, diflblvcd iron, decompoh d the alkaline hy- 
rc-fulphurets, produced with metallic folutions various co- 
loured precipitates, and, that when did died, the fluid pro- 
duCihadthe fame properties as the original folution ; but it 
was referved for Schcclc to fcpaiate the acid from the fub- 
ftances with which they had examined it, in combination* 
This he in a great meafure elfeC^ed by the procefs which he 
made public in 1780, The acid difcovcrcd by the Swediih 
chemifts, when its peculiar nature was determined, acquired, 
on account of the lubflance which firll afforded it, the name 
of acid of galls, or gallic acid. But it is not confined alone 
to nut-galls ; a variety of other afti ingent vegetables are ca- 
pable 0? affording it. 

The following method of obtaining the acid, is that dif- 
covered bv Scheele. Make an infiilion, by macerating one 
part of gall-nuts, reduced to a coarfe powder, in fix parts of 
cold water* At the end of fifteen days filter the lolution, 
and place it in a large vcflel, covered with a fhcct of paper, 
in a warm room* In a fiiort time, a mouldy pellicle will 
appear on the fiirface of the liquid, which is to be occa- 
fionaUy broken : as the operation proceeds, the original 


allringent tuflc diminifhes, and the acid taltc becomes more 
fcnfible. At the end of two or three months, the interior 
of tlie veffel will be found coated with a brown matter, con- 
taining difperfed, fliining, granular, cryRuls. Separate this 
fediment, and cover it with rectified alcohol ; gently heat 
the mixture, and a folution of the cryftallizcd acid in alcohol 
will be formed, which, evaporated, affords gallic acid in the 
form of very fine grains* 

Scheele difcovcred that gallic acid is volatilized by a low 
degree of heat ; and, in diflilling nut-galls, he found the 
acid fublimcd and condenfed in the receiver. Mr. Deyevix 
was the finl to avail Iiimfelf of this property, in order to 
obtain the acid free from the tannin and extra< 5 Hve matter, 
which it always contains, when prepared in the old way. 
He gradually heated powdered nut-galls in a large g'afs re- 
tort, till a fiiblimatc arofe, which c:ondunfed in brilliant white 
cr)'llalline plates. An incrcafe of heat occafions the decom- 
pofition of the acid ; and if the operation is long continued 
an oil diftils over that difib! ves the acid fublimate, and ren* 
ders the experiment fruitlefs. This method, without great 
precaution, is very liable to faiL Mr. Davy recommends 
loparating previoufly feme of the tannin of the nut-galls, by 
iiifufing them, for a fhort time, in a little water, by wlaca 
means the production of empyreumatic oil is diminifhed. 
The fame chemift obferves, that it is time to flop the opera- 
tion, when the cryitals formed in the lower part of the retort 
begin to melt. But, even allowing all thele precautions are 
obferved,, it appears almoll impoflible to obtain the acid 
entirely free from empyreumatic oil, the prefence of which 
is indicated from the very commeiiGerriCnt or the opexation, by 
tiie peculiar aromatic fmell that is produced. 

A variety of other methods have been propofed for pro- 
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cutring the acid in a ftate of purity. It will be fufficient to 
mention briefly thofe which appear mod adequate to the 
purpofe. Mr. Davy’s method : Boil carbonat of bar}'te8 
in an infufion of galls ; gradually add dilute fulphiiric acid 
to the bluiih-green liquid which is thus produced, till all the 
barytes is feparated ; the liquid, on the application of the com- 
mon tells, appears to be pcrfeclly free from tannin and extrac- 
tive matter ; evaporate it to dryncTs, and the gallic acid will be 
obtained This method is far pn ferablc to tlic one recom- 
mended by Mr. Fiedler, whichconlills iu digellingalumine with 
a folution of galls, decanting the clear liquor, and feparating 
the cryllals of gallic acid, (more probably of fupcr-gallat of 
alumine.) wlucli are produced by flow evaporation. Mr. 
Richter’s method : Take any quantity of gall-nuts reduced 
to a fine powder ; digcll the m in cold water ; agitate the 
mixture; pafs the liquid through a cloth ; add more water 
to the rcfidual pulp ; and feparate the water by means of a 
prefs : join the liquors, and flowly evaporate them ; a brittle 
dark coloured fubllancc remains. Cover this fubflance, re- 
duced to a fine powder, with alcohol, and a folution of a pale 
flraw-colour is formed ; a fecond infufion of alcohol acquires 
but very little colour. Diftil the two extracts together in 
a fmall glafs retort to one-eighth ; add water to the relidue, 
and expofe it to a gentle heat ; evaporate the folution thus 
formed, and very fmall white prifmatic cryllals of gallic acid 
wull appear. By this procefs, half an Ounce of cryllals may" 
be procured from a pound of gall-nuts. M. Bv>uillon Da 
Grange, v/ho has employed it, fays, he was never able to 
obtain acid of the purity deferibed by Mr. Richter. The 
cryllals he procured w'cre always of a light ftraw-colour ; 
and he found that repea ed dillillations with alcohol did not 
render them white, the gallic acid itfelf being partially de- 
compofed by this treatment. One obje6lion to this method 
is, that unlefs the alcohol is highly re£lified it diflblves a 
portion of tannin. 

The properties of gallic acid app)ear, in fome meafure, to 
<lepend on the method employed for its produdtion. The dif- 
ferent methods, generally confidercd, arc of two kinds, the 
dry and the moill. Accordingly, there appear two varieties 
of gallic acid, that procured by dillillation differing con- 
fiderably from that formed by cryflallization, if any credit 
is to be attached to the obfervations of M. Bouillon Da 
Grange. 

Gallic acid, procured in the moifl: way, is of a light llraw- 
coloiir ; it has a (harp acid tafte, but poireffes lefs auringency 
than nut-galls ; it changes vegetable blues to red. For its 
folution, It requires 12 parts of cold water, or i { of boiling ; 
and it imparts to this liquid a light lemon-colour, which 
becomes black by expofure to the air. Alcoliol takes up, 
when cold, about ith of its weight of this acid ; but at a 
boiling temperature, nearly its own weight. It is foluble 
in either. Expofed to heat, it readily fufes ; it forms juil 
l>eforc it begins to fublimc a brown vifeid fluid ; full of air- 
bubbles ; and emits vapours which have an odorous fmell. 
The adlion of a llrong heat partially decompofes it ; but to 
accomplifh this completely, it requires, on account of its 
volatility, to be fubjcdlcd to repeated diftillations, and the 
products appear to vary according to the intenfity of the 
heat applied. Schccle procured, by diflilling it in a glafs 
retort, firfl, an acid liquor, free from oil ; next, part of the 
acid itfelf, which, condenfed in the liquid, forms and ihoots into 
cryflals’, as it gradually cools, and a large refiduc of char- 
coal. M. Dfeyeux has found that it is capable of being 
conver ed by beat into oxygen and charcoal. From whence 
Ip* concluded that it differs only from carbonic acid in con- 
taining lefs oxygen ; but his reafoning is fallacious, from his 
jfot Ifc^ng taken into confideration the acid fluid that is alfo 
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produced. On the contrary, M. Bouillon La Grange ob- 
tained, by its dillillation, an acidulous liquid, charcoal, and 
much carbonic rcid gas, with which was mixed a little car- 
buretted hydrogen gas. The latter gas was fo concealed 
by the former, that it did not appear inflammable till the 
carbonic acid gas was feparated by means of lime-water. 

Gallic acid is decompofed and carbonized by ftrong fiil- 
>hiiric acid ; the fame cfFc^l, moll probably, is produced by 
iqiiid fluoric acid ; nitric acid converts it partly into the 
malic and oxalic acids ; oxymuriatic acid, according to 
M. Bouillon Da Grange, has no a6lion on it ; it is foluble 
in the other acids without decompofition. 

With the earths and alkalies it combines, forming falta, 
denominated gallats, of which very little is known. The 
alkaline gallats pofl’efs a confiderable degree of folubility : 
according to Richter they give black precipifates, with the 
falts of iron, and precipitate all other metallic folutions. 
From the obfervations of Mr. Davy, tlie alkaline earths 
appear capable of combining with two different proportions 
of this acid, an excefs of acid rendering the falts very foluble, 
wliicli before pofTefled little folubility. Gallic acid precipitates 
glycine, yttria, and zircon from their acid folutions, and 
decompofes all the carbonats. 

The gallats arc decompofed by a llrong heat. Some of 
them have been found to yield acetic acid when dillillcd With 
very dilute fulphuric acid. 

1^110 a«5lion of gallic acid on metallic falts appears to be 
proportionable to the flrength of the aflinily which the 
different metals have for oxygen. The fulution of this acid 
imparts to a folutio i of gold a dark green colour, and pro- 
duces a brown precipitate, which is metallic gold. It ren- 
ders a folution of filver brown, and occafions, uith the affifl- 
ance of a gentle heat, the dcpofition of a grey powder, which 
is finely divided filver. The precipitate which it gives with 
a folution of mercury is orange yellow ; with a lolution of 
copper, brown ; with a folution of acetat of lead, white ; and 
with bifmuth, lemon coloured. It imparts to molybdic 
acid a dark yellow, without occafioning any precipitate. It 
appears to have no effe^l on the of plalijia, zinc, tin, 
cobalt, and nianganefe. Wlu‘n boiled on ri‘d ox yd of mer- 
cury, the acid itfelf is decompofed, and riuniiiig mcreiir) is 
produced. It fuffers the fame change when fiinlliniy 
treated with the black oxyd of mangam le or o\yd of tii: ; 
but thefe metals, inflead of being reduc ed, an' breuglit only 
into lower ftates of oxydation. The moll diilingnifluiig pro- 
perty this acid pofTeffes, is that of giving dark -blue coloured 
precipitates with the oxygenated uf iron. According 
to M. Bcriholh't’s view^ of the fubjed, ii is not abfolutely 
neceflary tliat the iron flioidd be at the nvaxirniim of oxy- 
dation for this efl'cet to be produci'd, for he obfc rves that 
the falts which contain the oxycl at the minimum, though 
not chaiiged at firfl by gallic acid, yet beconu* coloured ; 
when the folution confined from air is much diluted with 
water. He conceives, and M. Richter is of the fau'.e opi- 
nion, that every tiling which weakens the afVndty of the 
fulphuric acid for tlie oxyd proniote.. the combination of 
the gallic acid with the metal in wb.atcvcr flate of oxydation 
it may be : indeed the latter chemifl aflerts, that a folution of 
green fnlphat of iron is never coloured by gallic acid, unlefs 
tannin be prefent, which, according to liim, attradls the fiil- 
phuric acid, and then the gallic acid unites wdth the oxyd of 
iron feparated. Mr. Proufl, from his obfervations, has been 
led to a different conclufion. He thinks that iron is incapa- 
ble of combining with gallic acid, unlefs highly oxydated ; 
and he thus explains the colour which a mixture of green 
fulphat of iron and gallic acid acquires by expofure to tlie 
air ; the blackening of ink after being poured out of clofc 
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vcIlMr., aiul many of the manipulutions of dyers wid ilud 
their profit in this oxytlulin^,’* pmr.cO^ carried on \'\ the al- 
mofphere. M. Jicrtliollet indeed adiniu that p;u!re acid 
llrikes a dcej'cr cnlcnir with iheoxyi^^'nalLd fdiij of iron, 
than with thofe which contain lefs j but in ull' iheLes 

tl.is cffeft to the decvinipolitlor) of the acid itfelf, and the de- 
velopement of feme of it ) c!:,ircoah 

iSiich arc the general propw.rties of gulile acid procured 
in the moill way. M Bouillon La Oraii;n‘ hits pointed oai a 
few inilanccs in wliich the aeivl ohl e’ncd by fuMijnal’oii ac- 
cording tollie ipctirod of l)iyeu;:d'(!..rs. h'heh diiferciiccut 
will be necedary U) JUcr.tM'ij, tivev t.p prii.cipally the follow - 
iiig. Ti-e bihliipod acid islefs arid to the ta.le. It gives 
to metallic lolctiois p; v.cipitate:; of cliff ivr.t coijiirs. Its 
folution is darkened by o'.) luuriat'c a. id. li iiopeats va- 
riable cohiors to fiilphal of i''ori, and it docs not pivcipitalc 
gelatine, ft mornjwcr app-ar;} to eontalii a hlile eff uliul 
oil, which by did'olviug the acid in water, ether, or a hroag 
lohiito't of ))ot-alh, kparates, beconu s leufilde to the fmell, 
and is feen fwimming on the lurfacc of tlu* fluid. 

The nature of gallic acid is not yet falisfaftorlly deter- 
■ndaed. The generally received (•I'inion is, that it is a lim- 
ple acid, but there are fome ehemiiU wlio in iiiilaiu it to be 
a compound one ; M. Bouillon J^a Grange has emleavouml 
to (hew that the cryhalli/ed acid procured in the muiil way 
compofed of acetic acid, tannin, and extraciive, and 
that llr: acid obtained bv fiiblinialiun is merely acetic acid 
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modified by a peculiar effential oil. Hjs arguinents for this 
opinion arc, the difiiculty, indeed the impollibility, of ob- 
taining the acid free from thefe impurities, and the pro- 
dudHun of acetic acid by the dillillation of gall-nuts with 
water, and alfo by fubnutting fome of the gallats to the 
fame operation with dilute fulphuric acid. However inge- 
nious this rcafoniiig may be, it is not conclnfivc. Doubt 
ran be alone banilhcd frem the fiibjeif, by fubmitting the 
theory to the ted of experiment ; by endeavouring to form 
gallic acid of cither kind by adding to the' acetic the fub- 
uances by wiiieh it is fiipj^dl d to Ijc moditled, in the acid in 
ou'dlion. It is certain, however, that, like the other vege- 
table acidj, gallic acid is a compound of carbon, hydrogen, 
and oxygen, and nut^ as M. Deyeux maintains, ot carbon 
and oxyge n alone. 

Jts iifes are few, in its pureft (late, and thefe are known 
alone in tlia laboratory of the chemill ; but in combination 
with other fubllances, it is of extciifive and important ap- 
plications in the arts. Sec the articles Dyeing and 
Ixic. 

Eleinens dc Chimie, tom. iii. Crcll’s Cheniical Journal, 
vol. i. p. 24. Journals of the Royal Jnilitution, vol. i. 
p. 274. Nicholfon’s Joiirnnl, tWo. vol. i, p. 458. riiil. 
Mag. vol. xxiii. p. 74. Annales de Cliimie, tom. xvii. 
Chemical SuilicsS vol. li. AnnJes de Chimie, tom. 60. 

p. i^/). 
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Ga»s Li^hu Apparatus for producing. The light and heat 
procured by the combuftion of carburetted hydrogen gas, 
is one of thofe recent inventions whidi promifes to be of the 
wort general utility, though it may be faid to be at prefent 
in its infancy ; the inflammability of thegaSi produced from 
the diilillation of pit coal, has long been a h& familiar to 
chemifts, though it is only within thefe few years that ex- 
periments have oeen made, with a view to determine the beft 
form of an apparatus for producing the gas, at the leaft ex* 
pence of fuel for the diftillation, and at the fame time to fe- 
parate from it the tar and aramoniacal fluid which are thrown 
out from the coals with it ; and would, if fuffered to remain 
w'ith the gas, caufe many inconveniences from their intolerably 
oflFenfive fmell, but may, when feparated, be applied to ufe- 
ful purpofes. 

Mr. Murdoch was probably the firft perfon who put in 
praftice gas lights on an extenfive fcale j he commenced his 
experiments on this fubjeft in the year 1792, and in 1798 
be applied it for the lighting part of the very extenfive ma- 
imfa&ory of Meffrs. Boulton, Watt, and Co. at Soho near 
Birmingnam, and in 1802, at the time of the Peace, the il- 
lumination of the Soho works was made by gas. Since this 
period, the method has been adopted in many places by dif- 
ferent individuals, who, proceeding from their own ideas, na- 
turally introduced various forms of the apparatus, the moll 
perfeft of which wc propofe to deferibe with drawings, in 
inch a manner as to enable mechanics to conftruft them, 
this being the moll probable means of their being farther im- 
proved, and their advantages more fully eftablifhed. The 
carburetted hydrogen gas is produced in the following man- 
ner : A quantity of pit coal is introduced, and clofea up in 
an iron retort, difpofed in a proper furnace, by whicn it 
can be heated fo as to tlirow out the volatile portSms of the 
coals j thefe arc conduced by a pipe into a refrigeratory, 
where the tar and ammoniacal fluid are depoflted : the gas then 
enters into a gaxometcr, being in its way palled through wa- 


ter to walh and take from it any remaining tar or other im- 
purities which may caufe an unpleafuiit fmeJI. "Jbe gazometer 
18 fitted up in the fame manner as for other chemical experi- 
ments, riling and falling freely in water to regulate the ad- 
miflion of the gas, which is conveyed by pipes fmm it to tlie 
burners or lamps where it is confumed. Thefe are formed in 
various ways, cither a tube ending with a fimplc orifice, at 
which the gas iflues in a ftream ; and if once lighted will 
continue toburn with the moll Heady and regular light ima- 
ginable, as long as the gas is fupplied. At other times a num- 
ber of very minute holes arc made in the end of a pipe, 
which form as many jets de feu^ and have a very brilliant ap- 
pearance. This may loinetiines be placed in the focus of a pa- 
rabolic refleftor. In cafes where the light is required to be 
thrown to a dillancc, other burners are conftruAed upon the 
fame principle as the Argand lamp, forming a cylinder of 
flame, and admitting a current of air both to the inlide and 
outfide. 

Fig. 1 • of Plate XVII. Mifcellany^ is a feAion of an appara- 
tus for producing the gas adopted by Mr. Samuel Clegg of 
Manchellcr, and communicated to the Society of Arts in 
1808, when they voted Mr. C. a lilver medal for the comma- 
nication. A reprefents a call iron retort, in which are put the 
coals, tobcdecompofedbythcheatof a-fire applied beneath 
it. The retort is fituated in a chamber reprefented by the 
dark fpace, in which the flame from the coals placed upon 
the grate B circulates all round tlie retort, and efirapes by 
the chimney D ; E is the alh-pit beneath the grate ; the 
double thicknefs of metal beneath the retort denotes a fad- 
dlc or half cylinder of call iron, which preferves that part 
of the retort which is moil expofed, and caufes it to be 
heated more uniformly ; P is the mouth where the coals are 
introduced, it has a flaunch and a cover ground together, air 
tight, and faftened by a ferew in the centre, or by one at each 
fide ; n is an iron pipe conducing from the retort to a veflel 
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Of (Ituatedbcneatli the gaeomcter ; in this Teffel the tar and 
other condenfible produ^^s are feparated from the gas, which 
afeends the pipe b. The upper end of this is covered in the 
manner of a hood by a cylindric veffel ^4 open at bottom, but 
partially immerfed beneath the furface of the water contained 
in the ciflern of the gazometer, and perforated round, near 
the lower edge, with a number of fmall holes. The gas dif- 
placcs the water from the receiver d, and efcapes through 
the fmall holes rifing in bubbles through the water, fb as to 
expofe a large iiirface to its a£^ion, tliat it may be wafhed 
and purified from any fmell. After riling tiirough the water, 
the gas enters the gazometer H H, which is fufpended to 
move up and down by the chains and pulley e and balance 
weights y*, /, In the centre of the gazometer a tube g is fixed, 
having lome fmall holes at its upper end, by which it com- 
municates 'with the interior of the gazometer. This tube in- 
cludes another, fixed perpendicular from the bottom of 
the cillern, and communicating with others which convey 
the gas to the burners. The fixed pipe h forms a guide to keep 
the gazometer always perpendicular ; and the pipe in the 
centre of the gazometer prevents any gas palling away except 
it has afeended to the top of that veffel, and is tranfparent 
and fit for life. The gazometer is made of iron plate rivetted 
together, and fuilained by a ftrong hoop at top and another 
at bottom. Each hoop has radial bars which fupport the tube 
F in the centre, and at the fame time they flrengthen the whole. 
The gazometer muff be painted within and without to pre- 
ferve it from ruftiiig. Mr. Clegg fays, a veffel of this kind, 
to contain 700 cubic feet of gas, will weigh about %o cwt. 

When the operation commences, the gazometer is funk 
down nearly to a level with the furface of the water in the 
cillern L L 5 but as the gas enters, it rifes up to receive it. 
It is to be noted, that the balance weights f, fiiould not be 
quite fo heavy as the gazometer, in order that fome preffure 
may be exerted, to force the gas out of the burners with a 
proper jet. The gas which iffues from the retort enters the re- 
ceiver G, afeends the pipe into the veffel from which it 
difplaces the water, and paffes out at the fmall holes as be- 
fore deferibed, rifing through the water into the gazometer, 
and railing it up : the gas then paffes away to the burners. 
In this manner the procefs proceeds, until the whole of the 
volatile products of the coals in the retort is evaporated. 
The ufe of the gazometer is, to equalize the emtilion of the 
gas which comes from the retort more quickly at fome time 
than others. When this happens, the veffel rifes to receive 
it, and when the flream from the retort dinnnifhes, the 
weight of the gazometer expels its contents. When the pro- 
cefs is finifhed, the retort is fuifered to cool, and its lid is 
then removed to replenifh it with coal. The caput mortuum, 
which is found in the retort, is the moll excellent coak, and 
in value returns a confiderable portion of the whole expence 
of fuel when the retort cools. The veffel d contains a fiiffi- 
cient quantity of gas to fupply any abforption which takes 
place without railing the water into the retort. 

In Mr. Clegg’s original apparatus the chains for the balance 
weight are attached to the top of the gazometer ; and the 
cittern L, for containing the water of the gazometer, is repre- 
fented as a well funk in the ground. This method is cheap 
and iimple, though at the fame time it is liable to have leaks, 
which are not ealily difeovered or acceflible to be flopped ; 
and it requires confiderable length of pipss to draw off the 
matter from the receiver G ) whereas in the conftrudlion re- 
prefented in the plate, they are drawn off by the cock at x* 
Of thefe produAs we fhall fpeak more in another place. 

Figs, 2 and 3 reprefent one of the gas lamps on the principle 
of Argand ; the fpace between the two concentric tubes 
is fupplied with gas by a pipe, r. in which is a cock, //, to 
regulate or occafionally intercept the gas. Tlie fpace between 


the two tubes is covered at top with a circular nng, fliewn 
in Jif* 2, pierced with a number of fmall holes, at vmich the 
gas iffues, forming a cylinder of flame, to which a current 
of air is brought through the internal tube //. The air has 
alfo paffage beneath the glafs chimney, /, to fupply the out- 
fide of the flame, which is rendered the moft lieady and re- 
gular imaginable, by tlie draught catifed by the chimney ; 
^ is a fmall button affixed to a ttcm« which Aides up and 
down in the interior tube with fulficient friiftion to retain 
its pofition. The button conveys the current of air rifing 
through the tube in an expanded cone to the infide of the 
flame, and affifts the combuftion in a great degree. 

The next apparatus for gas lights which we fhall de- 
feribe is by Dr. StanclifFe, as (hewn in Jlg^ 4. A is a vef- 
fel of caft-iron, forming the retort, and is fet in brick-work 
in any proper furnace ; E is a rim call in the fame piece, 
inclofing the top of the former, fo as to make a deep groove 
all round in the top of the veffel. In this groove the head, 
F, of the veffel is rccei\ed ; and to make the fitting air- 
tight, a quantity of fiifible alloy is placed in the groove. 
I'his melts by the heat of fire, and forms a fluid luting, 
which prevents the efcape of the gas. G is a tube leading 
from the head to the refrigeratory E F ; the joining of this 
tube with this veffel is formed by a joint, on a fimilar prin- 
ciple to the joining of theltcad with the retort : a tube 

palling through the lid of the veflel, and another, is fixed 
concentric to and furrounding the former at a fmall diflance. 
I'he fpace between thefe is filled with water, and the tube, G, 
which connc£ls with the head, is immerfed in the water 
which forms the joint round the pipe, and by this means 
the tube, G G, and the head, F, of the retort, can be re- 
moved t^cther to take out the coak and introduce frefh 
coals. The refrigeratory is made in two divlfions E and 
F, one above the other ; the tube G goes down nearly to 
the bottom of the low ett divifion, and the gas bubbles up 
from the end of it through the water, with which the 
lower partition is partly filled ; it then paffes out at the 
pipe, to the burners. Thefe mutt not be of fuch a num- 
ber as to confumc the gas as fall as the retort produced it ; 
by this means it will be under a confiderable preffure in the 
veffel, which is found conducive to the reparation of the 
tar, &c. When the gas comes over quickly from , the re- 
tort, it preffes upon the furface of the water, and caufes 
it to afeend through the pipe, e, in the partition into the 
upper chamber, where its weight conttantly adls to caufe a 
preffure, and expel the gas at the pipe, //, whenever the 
fupply of the retort diminifhes ; f is another pipe through 
the partition to allow the efcape of the gas,* if it forces out 
the water fo low as the bottom of the pipe : the gas which 
tlicn rifes into the upper divifion gets away by the pipe g 
into the chimney of the funnel. Dr. StanclifFe has recently 
taken out a patent for the method of luting of the head 
and joint at G, as applied to the dittillation of any oilier 
matter. 

Fig, 5. is an apparatus by Mr. B. Cooke of Birmingham, 
recently communicated by nim to . the Society of Arts, and 
rewarded by them with a filver medal. The pipe A leads 
the gas from the pot or retort, and is fitted, in a manner fimi- 
lar to Dr. Stancliffe^B, to a veffel B B, called the purifier. 
This is filled half full of water, and has five partitions, 
A, a, Ui Of Of foldered to the lid, and extending beneath the 
furface of the water ; at the lower edge a number of holes 
are pierced' in the plates through which the gas iffues, and 
rifes in bubbles through the water on the oppofitc fide. In 
this manner it proceed through all the plates, and is by thnt 
means wafhed and purified mott perfectly, the cold water 
condelnfing and depofiting in the bottom of the veffel the 
tar and ammoniacal liquor, which can be drawn off by tht 
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fock^; M 18 the pipe which conveys the gas away from 
the end of the purifier, and leads it to the bottom of the 
tube> L L, of the gasometer, which in omitted in the 
drawing, as it is the lame as in Mr. Clegg's apparatus, and 
furnilhcd with balance weights in the fame wanner : N is the 
pipe to take the gas away to the burners. Mr, Cooke has 
placed his connc&ng pipes, M and N, inclined, and at the 
lowcft point a fhort pipe n, which is inimcrfcd in the 
water contained in a vcfFcl m, fo as to prevent the efcape 
of any gas, but at the fame time to allow any tar, &c, to 
drain clown the pipe and dcpofit itfi‘lf in the water. By 
this means the tar, wliich will unavoidably rell in the(e 
pipes, is difpofi cl cf wilhn;it danger of clogging or flopping 
the pafl’age, as might happen in courfe of years, though 
the quantity was over lo minute. Mr. Cooke recommends 
lor (1 wclling-honlcs where the gas is required to he particu- 
larly free from finell, that it fliould be paflTed through a fecond 
purifier containing lime water, which will render it perfeftly 
pure. 

In any of thefe apparatufes, it is cflential that the water 
ufed for vvaihing and purifving the gas fliould be changed 
for frefhas foon as it becomes dirty ; and unlefs this is done 
the gas will not be porfeftly jiiirificJ by wafliing, but retain 
an unpleafant fmcll after it. The tar which depollts itfelf at 
the bottom of the veffel, in the conftftciice of treacle or thick 
oil, is firll drawn olfby the cock ; for tlsat purpofe this fub- 
flance is found very iifefiil, and in many points forms afub- 
ftitiite for the vegetable tar. By boiling it, the volatile parts 
arc 1‘vaporated, and it becomes pitch. If tlie evaporation is 
performed in a retort, the matter which comes over is a 
fpirit, which, according to Mr. Cooke, may be ufed inflead 
of that kind of turpenllie, known by the term tar Ipirit, 
in painting and japanning ; and be gives jiarticnlar dirccUons 
lor the manner of performing ibis dillilhilion in the 28th vol. 
oftheTranfadions of the Societ) Arts. 'Fbe refidiium left 
inthe retorlis pitch ; or, if furtlier Innl d, makes afphnltum, or 
a fiibftance wliieli is equally applicable, for the various arts 
in which it is employed. 

It is proper that we fliould here notice Mr. Winfi-r's 
procefs for procuring coak, and many other products, 
from pit-coal : but as tliis nrece^ has not been wholly made 
public, our notice mull be fliort. A company has been ella- 
blifhedfor the purpofeof carrying into execution his invention, 
and has applied to jiarliameut for powers to ad as a corporate 
body. 'ITofe who form this liody, propofc to end appara- 
tufeSjinconvvTiieiilfituations, and convey the gas by pipesiilong 
the llreets of a town, for the purpofe of lighting them, aswtll 
as tlie houres. Experiments were made of this jdan by light- 
ing one fide of Ihdl Mall, in I.oiidon, wliicli appeared to 
anfwcr well ; and the company’s houfe has been coiiftantly 
lighted and heated by gas lincethe lirft eftablifliment. 

Mr, Winfor, at the opening of the bi.finefs, ga\e leftures 
and cxperiiiicnts on the gas, lliongli the manner of proeiir- 
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iiig and p. rifying it he kept a fecret : he exhibited the mode 
wfeonduding it tlirough the houfe, and a number of elegant 
devices for cliandelier.s, &c. by which it was corifumed. 
Among thefc he propofed long flexible tubes fufpended from 
the ceiling of the room, and at the end communicating with 
a burner, w bich was di figiird with much tatte, being a cupid 
holding a t. rch in one hand, and grafping the tubtt in the 
fame manner, as a rope m the other. This figure was to be 
fufpended by hooks in any convenient part of the room 
wlicrc light was required, and miglit be carried into any 
clofet or other place within the limits of tlie length of the tube. 
He flicwe J allb by experiments, that the flame of the gas was 
not liable to be extinguiflied by v/ind or rain, that it pro- 
duced no fmoke, and was not fo dangerous as the light of 
lunpB or candle?, as it could not produce (parks, 

A pamphlet has been recently publiHied by Mr. Van 
Voorft, Hating the evidence taken before the committee of 
the houfe of commons appointed upon the bill, for the in- 
corporation of the GdS Light Company, This gentleman 
ftates the produfts of a London chaldron of coals, tre: ted in 
Mr. Winfor's procefs, to be, ift, light by the combiiftiun of 
the gas equal to 2,100 parifli lamps burning n hours; 2d, 

1 1 chaldron of coak by admeafurement : 3d, 6olbo. of 
pitch : 4th, three gallons of cflential oil: and, yih, 18 gal- 
lons of ainmoniacal liquor ; and he enters into a calculation of 
the pecuniary profits ; but this w^e forbear to detail, as being 
entirely dependent upon the local fitiiation and value of the 
coals and their produfts. This ftatement iscollefted 
from the e\ idence of Mr. Accum. The bill was rejedtt d by 
parliament ; but we uiiderftand, by the above pamphlet, that 
tlie company intend to profecute their undertaking without 
a charter of incorporal I on, 

Mr. Murdoch made a communication in 1 808 to the Royal 
Society on ibe lobjeet of gas liglit, and was complimeni' cl 
with count R uniforms medal for the fame. He gives the 
refults of l)j»‘ ])rocefs as conducted in the cotton mills of 
Mcflrs. Phillipb and l^cc, at MaJicbeller, W’ho have a very 
large apparatus conllruded by Mr. M. at the Soho works. 
The gas lights are equal to 2500 mould candles of fix in the 
pound, each candle confumiiig 175 grains of tallow per hour. 
The number ofbunieis are 271 Argands, and 633 cockfpurs, 
fo called from having three jets diverging from each oilier. 
Thtfe require an hourly fupply cf 125c cubic feet of g'lsto 
pn*vli]ce, which requires ieven cwt. of cannel coal in the 
leturt, and about one tlurd of that quantity of good comn.oii 
coal to heat tlie retort. The caniu'l coal in the retort produces 
nearly 4’ cwt. of good coak, and 4; ale gallons eftar. IV 
aminomacal liquor w'as not regarded, as 11 li'is m^t yet been 
applied to any maiuifafture, io as to be demanded in large 
quantities ; though a paper by Mr. AVm. Cox will be found 
in Mr. Van Voorit’s pamphlet, iheuin.*; lli? advantages of 
the ammonia as apjdied for maiuije, and lomc other experi- 
meiils on its ufe in dvcinir. bee Flamf. 
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GAUGE, in Ftiptieeryi foinetimos fignilies the fame 
with weir : a gauged bar is an upper gate, or over-fall to 
a weir. See Smeatou's Report-:, vol. i. p. 62. 

Gauge-Z/W, a line on the common gauging-rod, whole 
defeription and ufo f-e under the article G.\u<jin<;. 

Gaijcje-/; 6//?/ of a folid moafure is the diameter of a circle, 
whofe area is equal to tlie folid content of the fame mea- 
fure. 

Tims the folldlty of a wine gallon being 231 cubic inches: 
if ‘you conceive a circle to contain fo many inches, the dia- 
meter of it will be 17.15 : and that will lie the gauge-point 
of wine meafun'. 

And an ale-gallon containing 282 cubic inches; by tlu'famc 
rule, the giUig(‘"|ioIn»- for alc-tiieafure will be foned to be 
19. 15 : and after tlie f sme nanner may the gauge-point of 
any other ir a.fure be detuniincd. 

Hence wc deduce, that when the diameter of a cylinder 
in inches is equal to the . ge-point in any meafure (given 
likewife in inches) everv ir.cli in l uigth therec^f will contaii. 
an integer of the fan e meafure. In a cylinder, whofe 
diameter is i;.i5 inches, every i’:ch in lieight couCauis one 
entire gallon in wliee. meafure ; and in another, whofe dia- 
nv, ter is 19.15, every inch in length contains only one ale- 
gallon. 

GAUGE-«'r/r, ill Ev^mcery^ is a weir or over-fall, out^ of 
fome r^fervoir, or pound of a canal, calculatv'd to difcliarge 
a given quantity of water daily, for the fupply of mills, or 
fome O' her canal. Sec Canal. 

GAUGER, an officer appointed by the king to gauge, 
u e. to examine or meafure, all caf]<s, tuns, pipes, barrels, 
hogflieads of beer, wine, oil, &c. and to ^ive tliem a 
mark of allowance ^ winch is a circle burnt with an iron) 
before lliey be fold lu any place within the extent of this 
office. 

Of this officer and his office we have many llatutes 5 thus, 
by 27 Edw'. III. c. 8. all wines, &c. imported, are to be 
gauged by the king’s gaugers or their deputies ; by 
31 Edw. III. c. 5. felling wine before gauged, incurs for- 
feiture, or tlie value ; and by 23 H. VI. c. 15. the gauge 
penny is to be . paid gaugers on gauging wines. The 31 
Eliz. ordains that beer, &c. imported fliall be gauged by 
the mailer and wardens of the Coopers* company : fee 
12 Car. II. c. 4. The wardens of the Coopers ffiall attend 
to gauge veiTcls upon requeil. 23 Hen. VIII. c. 4. Gaugers 
may taKc famples not exceeding half a pint, 32 Geo. IL 
c. 20. See Exc ise. 

GAUGING, the art or aft of meafuring the ca- 
pacities or contents of all kinds of veifels, and deter- 


mining the quant ity of fluids or other matters contained 
l herein. 

Gauging is the art of reducing the unknown capacity of 
vcffels of divers forms, cubical, purallclepepidal, cylindrical, 
fj.'lKToidal, conical, 1*^0. to fome knowm cubic meafure ; and 
of computing, for inilancc, how many gallons, quarts, pints, 
('1* the like, of any liquor, t\ ale, beer, wine, brandy, 
^<c. arc contained thcrun. • 

Gauging is abrancli of ilereometrv. 

*i’!.c principal v-’fl'cls lliat cojnc undtT its operation arc 
pipes, barrels, run diets, and other cuflvo ; alfo backs, coolers, 
vats, &.C. 

The folid content of cubical, parallclcpepidal, andprifma- 
tical vefius, is ealily found in cubic inches, or the like, by 
liiultipl) ing llie area 01 the bale by tin* perpendicular alti* 
tude. 

Aiiid for cyliTuirical vefh Is, tlie faim* is found. by multi- 
plying the area of tlie ciicular bale by tlic perpendicular al- 
titude, as befvire. 

Calks of the urnnl form of hogflieads, kilderkins, &c. 
may be confidcred as fcgmenls of a fpli{‘ro:d cut off by 
two planes perpendicular to the axis ; which brings them 
to Oughlrcd’s theorem fur im afurnjg ale and wane cafles, 
which IB thus : add twice the area of the circle at the 
bung to the area of the circle of the head ; multiply the 
fumby one-tliird of the length of llu* cjfk, the produft is 
the conteiuoflhc veffe), i’; cubic inches. B-it for accura- 
cy, Dr. Wallis, Mr. Cafvvell, &c. think, that muft of 
our calks had better be conful*. red as fruflums of para- 
bolic fpindles, which are lefs than the friuli.ms of fphe- 
roids of the fame bafe and height, and give the capa- 
city uF veffels U'^arcr the truth than either Oughtred's 
luetliod, wdiicli iUi>pof( s them fpheroids ; or than that of 
multiplying the ciicles of the bung and head into half 
the length of the .call:, which fuppofes them parabo- 
lic conoids : or than that of Clavins, who takes 

them for two truncated cones : which is fartheft off of 
all. 

The common rule for all wdne or ale calks is to take 
the diameters at the bung, and at the head, by which 
you may find the area of the circle there ; then taking two- 
thirds of tlic area of the circle at the bung, and onc-third of 
the area of the circle at the head, and adding them together 
into one fum, this fum, multiplied by the internal length of 
the calk, gives the content in folid inches ; which are con- 
verted into gallons, by dividing by 282 for ale, and by 23 1 
for wine gallons. 

Thereadieft method for common, ufe is to reduce the calk 



52 

to a cylinder of equal contents ; and this is done by conH- 
dering wlnt is called tin* variety of the caflc. Suppofe a cy- 
linder inferihed in a cafk, and another circumfcribcd about 
It, there will be a cylindrical fpacc included between the 
fuperficies of the two cylinders, whofe diameter or thicknefs 
is equal to the difference between the hung and head diame- 
ters of the can< ; the curvature of the ftaves of the ca/k 
takes in a certain proportion of the cylindrical fpace, whicli 
iegreater or lefs, as the curvatures bend, or bulging of the 
(laves is greater or lefs ; and this determines what is called 
the variety ; and it will be the firfl variety, if the caflc 
bulges very much ; fecond variety, if lefs, and fo on ; it is, 
therefore, evident, that the diameter of tlie iiifcribed circle 
may be increafed fo as to take in a portion of tlie interjacent 
cylindrical fpace equal to that taken in by tlic curvature of 
the (laves of the caflc ; and then the cafk and increafed cy- 
linder will be equal in content. The diameter of the inferib- 
cd cylinder is the head diameter of the caflc ; tlie thicknefs 
of the cylindrical fpace is equal to the difference between tlie 
bung and head diameters. The only dIflicrJty, therefore, 
lies in determining what portion of this difference muff be 
added to the head diameter of the caflc, in order to 
obtain the diameter of the mean cylinder, or the cylinder of 
equal content. Now' experience flicws, that if 7-ioths of 
the difference betw'een the head and bung diameters of any 
caflc be added to the head diameter, the cylinder whofe dia- 
meter is equal to this fum, and whofe length is equal to that 
of the caflc, will contain as much or ijnore than that caflc, 
though the (laves have the greatcfl degree of curvature that 
is ever given to them. And as the difference between the 
bung and head-diameters of cafks is feldom very great, the 
contents of a caflc w'hofe (laves are quite (Iruight from 
bung to head, or of a caflc made up of t wo equal fruflums 
of two equal cones, will generally be nearly equal to the 
contents of a cylinder, wdiofc diameter is equal to the fum 
of the head diameter of the caflc, and a little more than 
half the difference bctw'een the bung and kcad diameters, 
and W'hofe length is equal to the length of the caflc. There- 
fore, all the varieties of which cafks arc capable, lie between 
5-iOths and 7-ioths of the difference between the bung and 
head diameters ; and the gauger has only to take fuch a part 
of this difference (always between y-ioths and y-ioths) 
as his judgment and experience inform him to be mofl fuit- 
able to the curvature of the cafk ; and this, added to the 
head diameter, gives the diameter of the mean cylinder. 

It may not be amifs to note here, that llie diuerence be- 
tween the bung and head diameters may be very great, and 
et the cafk have no bulging at all, for the bulging is the 
end or curvature of the half-ilave, between the bung and 
the head. 

Mathematicians give us abflrufc theorems, for computing 
the contents of cams, upon the fuppofed refembhince be- 
tween the curvaturd of the caflc and tliat of an cllipfiP, para- 
bola, or hyperbola ; but they may be as much miflaken in 
judging of the curvature, as an experienced gauger between 
5-ioths and 7-ioths : for after all, the contents of cafles 
cannot be determined to a mathematical exaC^nefs ; becaufc 
the forms of cafks do not exadlly anfwer any mathematical 
figures. The bufinefs of gauging is at bell but guefs-w'ork ; 
but it is fuch a way of gucifing, as comes near enough the 
truth for the common purpofes of life. 

Hence we may add fuch decimal multipliers, for tlic dif- 
ference between oung and head diameters as havo^been found 
by experience to be the true ft, and bell fiiited to the fcveral 
varieties or curvatures of cafics, 

Firfl variety, or (laves very much bulging, .7 or ,695 
Second variety, or (laves not fo much curved, .65 or ,63 
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Third variety, or ftaves dill lefs curved, ,6 or .^6 

Fourth variety, or flaves alniofl flraight, .55 or .ri 

The follow'ing rule wdll ferve for gauging caflia by thi? 
pen ; take the difference of the bung and Iiead diameters of 
any caflc, and multiply that difference by the number whicli 
(lands againlt the name of the ca/k given in the table, add 
the product to the head diameter ; and the fum will be the 
diameter of a cylinder, which, being of the fame length 
with the given culk, will contain as much ; fquai'e the dia- 
meter tluiR found, and multiply that fquare by the length, 
and divide the pr«du6l by 359 for beer gallons, and 294 foi- 
wane. 

The multipliers for a caflc, which is taken for varieties : 

! i. Ofafpheroid j .7 gieatefl bulge. 

2. or a parab. fpindic f .63 next lefs. 

3. Two conoids f .56 next lefs to that. 

4. Two cones J -5* next lefs to that. 

Example ^ — Let a caflc be taken as the middle fruftum of a 
fpheroid, the bung diameter of which is 32 inches, the head 
26, and length 50 inches; what is the content in beer and 
wine gallons ? 32 — 26 X .7 = 4.2. To w hich a dd. 26, and 
we fliall have 30,2 for the mean diameter ; and 30.2I* rr 9 1 2.04, 
which multiplied by the length 50 will give 45602 ; and 

^5^02 1 It j 45602 

127 beer gallons; and— = 155.1 wine gal- 

359 ^ 294 

Ions. The contents of other caflc s may be found in the fame 
manner by ufing the proper multi])licrs. See F.vcrard’s 
Sjlidino rult » 

For the ready computation of the contents of vefll Is, or 
of any folids in the mcafures in ufe in Great Britain, we 
fhall here infert the following rnk f, taken from a Trcatifc of 
Pra6lical Geometry, publifhed at Edinburgh in 1745, 

Vide pag. 137. fcq. 

I ♦ To find the content of a olindric veffel in Knglifli 
wine gallons, the diameter of the bale and altitude of the 
vcffcl being given in inches and dcximals of an inch; fquare 
the number of inches in the diameter of tlic vcfFel ; n'luUijfly 
this fquare by the number of inches in the height, ihcti mul- 
tiply this prodiidl by tlie decimal fradtion 0.0034, 
will have the contents of the veffel in gallons, and deciinals 
of a gallon. For example, let the diameter be z=r. D 51.2 
inches, the height = H = 62.3 inches, then will tlie contei^ 
be D D H X 0.0024 = 51.2 "x 51.2 x 62 3 x 0.0034 — 
555.27342 wine gallons. 

2 . Suppofing the Englifti ale gallon to contain 282 cubi- 
cal inches, the content of a cyliiidric veffel is computed in 
fuch gallons, by multiplying the fquare of the diameter of 
the veffel by its height as before, and their produdl by the 
decimal fradlioii 0,0027851, that is, the folid content in 
gallons will be I) D H x o C027851. 

3 . If the Scotch pint contains 103.4 cubical inchef, the 
content of fuch a veffel in Scotch pints, will be D D 11 x 
0.0076. 

4 . Suppofing the Wincliefter bufliel to contain 2 1 78 cubic 
inches, the content of a cylindric veffel is computed in thofe 
bufhels, by multiplying the fquare of the diameter of the 
veffel by the height, and the produA by the decin al fradlion 
0.0003606. But the legal Winchcfler bufh 1 containing 
only 2150.42 folid inches, the content of ac)liudric vefld 
is computed in fuch bufliels, bv multiplying tl e fquare r.f 
the diameter by the height, anJ tlieir produdl by the deci- 
mal 0.0003652. Or the content will be D D H . , g.00,3652 
See Bushel. 

5*^. Suppofing the Scotch wheat fi riot to contaii 21 f 
Scotch pints, or about 2197 cubical inches, the contents of 
a cylindric veflfel in fuch firlots will be D D H x o.ocx?358. 
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And if the beer firlot contain 31 Scotch pints, the contents 
of filch a vefTel in beer firlots will be D D II x 0.00024c. 
See Firjlot. 

It is to be obferved, that when the fe£lion of the 
velTel is not a circle, but an elliptifl, the product of the 
^reateft diameter by the Icall is to be fubttituted in thefc 
rules, for the fquare of the diameter. 

7®. To compute the content of a vefftl, which tnay be 
conHdered as the fruftum of a cone in any of thofe meafures. 
I^t A reprefent the number of inches in the diameter of the 
greater bdfe, B the number of inches in the diameter of the 
leffer bafe. Compute the fqnare of A, the produ£^ of A 
by B, and the ftjuare of B. Take the third part of the 
fum of all thefe, and fuhftitiite it in the preceding rules for 
the fquare of the diameter, and proceed in all refpeCls as 
before Thus for cK imple, the content in wine gallons will 
be A A 4' A B 4- B B X -1 H a 0.0034. Or thus : To the 
fquare of half the fmn of A and B add one-third of the 
fquare of h:ilf their difference 5 and fubftitutc this fum in 
the preceding rules for the fquare of the diamcLer of the 
bafe of the vefTel. For the fquare of ^ A ^ B added to 
I of the fquare of t A ~ ^ B gives -jAAn’^AB-h 
jBB4-V'AA~iAB4-ibBB^lAA4.jAB 

8 . When the vefTel is a fniftum of a parabolic conoid, 
mcaTure the diameter of the feCtion at the middle of the 
height of the fruffum : and the content will be the fame as 
of a cylinder of this diameter, of the fame height with the 
veiTel. 

9®. IVhen a vefTel is a fniflum of a Iphcre, if you mea- 
furc the diameter of the fe( 5 ^ion at the middle of the height 
of the fruftum, then compute the content of a cylinder of 
this diameter, and of the fame Iieight with the veffcl, and 
from this fubtrad ' d of the content of a cylinder of the fun 2 
height, on a bafe, the diameter of which is equal to that 
height ; the remainder will give the content ot the vclfel. 
That is, if D reprefent tlie diameter of the mhMle 
and H the height of the fruftum, you arc to fubftitutc D D 
— ^ H H for the fquare of the diameter of the cyiindric 
vefTel in the lirft fix rules. 

10^. When the vefTel is a fruftum of a fpheroid, if the 
bafes are equal, the content u readily found by the ruh gnrn 
from Oughtred. In oilier cafes, let the axis of tllC folid be 
to the conjugate axis, as n to i ; let D be the diameter of 
the middle fedion of the fruftum, H the height or length 
of the fruftum, and fiibllitutc in the firft fix rules D D — 

11 H 

— for the feuvare of the diameter of the veftd. 

3 fi « 

When llie veftc! is a hyperbolic conoid, let the axis 
©f th^* folid he to tlu* conjugat'* axii n to i, D tiie diame- 
ter of tlie fedtion at the middle of the fruib:ni H, the height 


this manner calculate a table for the veffcl, by which it 
readily appears how much liquor is at any time contained 
in it, by taking either the dry, or the wet indies ; having 
regard to the inclination, or drip of the vefTd, if it has any. 

This method of computing the content of a fruftum from 
the diameter of the fedion at the middle of its height, is 
exaiV: in that cafe only when it is a portion of a parabolic 
conoid ; but in fuch vedels as are in common ufe the error is 
not confiderable. When the veflel is a portion of a cone or 
hyperbolic conoid, the content by this method is found lefs 
than the truth ; but when it is a portion of a fphere or a 
fpheroid, the content computed in this manner exceeds the 
truth. The difference or error is always the fame in different 
parts of the fame, or fimllar veff’el^, when the altitude of 
the fruftum is given. And when the altitudes are different, 
the error is in the triplicate ratio of the altitude. If exad- 
nefs be required, the error in meafuring the fruftum of a 
conical veffel, in this mannei*, is Ith of the content of a cone, 
fimilar to the veffel, of an altitude equal to the height of the 
fruftum. In a fphere it is of a cylinder, of a diameter 
and height equal to the fruftum. In the fpheroid and hy- 
perbolic conoid, it is the fame as in a cone, generated by 
the right-angled triangle contained by tlie two Icmiaxes of 
the figure revolving about tliat fide which is the fciniaxis of 
the fruftum. Thefc are demon (Irated in a treatife of fluxions 
by Mr. Maclaurin, where thofe theorems are extended to 
frullums that are bounded by planes oblique to the axis in all 
the folids, that are generated by any conic fedioa revolving 
about either axis. Vide p. 25. and 715. 

In the ufiial method of computing a table for a veffel, by 
fubdinfting from the whole content tiic number that expreffes 
the uppermoft area, as often as there are inclics in the up- 
permoft fruftum, and afterwards the numbers for the other 
aiens fucceffively, it is obvious that the contents affjgned by 
the table, when a few of the up])erinoft inches are dry, are 
ftated a little too high, if the velTel ftnnds on its Icfler bafe, 
but too low when it ftanda on its greater bafe ; becaufc, when 
one inch is dry, for examph*, it is not tlie area at the mid- 
dh of the uppermoft fnidum, but rather the area at the 
middle of to ? upperm.oft inch, that ought to be fiibdudled 
fro.m the total co^iteiit, in order to fiiii the content in this 
cafe. 

Eut gauging, as now pnfllfcd, is chiefly done by means 
of inft runt, its called ^aifg:iig-rc.':*s, or rufei^ which do the 
b’lUu.cfi at once, and anfwcr the queftion without fo much 
crdcuLitii'n ; which is no ir.couftdcrable addition, both to 
the eale and ui ‘‘patch of the work This inftrumcntal viay 
of gauging, therefore, we fhall here chiefly iiifift upon. 

Dr. Hutton in his “ Menfuration’’ has given rules for 
computing the coui'-nts of the various fruftums of folids, 
V Jdch hear ’•efomhlr..icc to the feveral varieties or forms of 
di.uTent c'l'lis. Rules adapted to thefe forms will be found 


H H 

or length, compute D II 4 “ ^ ^‘^d 

for the foivare of the diameter of tlie c 


fubiiitiite this fum 
yliiulric veffel in the 


firft fix ruh-T.. , 1 

12 \ In genenj, it is nfual to meafare any round ycfTe!, 
diftinguifliing it into fevcral fruftums, and taking the diarno- 
ter of the (edisin at the middle of eacli fruftum ; thence to 


compute the content of each, as if it was a cylinder of the 
mean diameter ; and to give their fum as the content of the 
veffel. From the total content computed in this manner 
they fubtradi fucccliively the numbers which exprels the Cii'- 
cular areas that correfpoud to thofe mean diameters, each as 
often as there arc inches in the altitude of the frr.ftum to 
which it belongs, beginning with the uppermoft; and in 


under the ih nc.minr.tions of ti*? fevcral folids to which they 
b.long in this Cyclopxdia ; and they occur in moft books, 
prof'.dcdly written on the fubjedl of Gauging. We {hall 
here fnbjuin one general rule, extradied iVom the above- 
cild Ircatiu', (p. 592) which may be calily applied to the 
Cufts that occur. 

General Rule, 

Add into one fum 39 times the fquare of tfi^ bung dunTietcr» 

25 times the fqurjc of the head diameter, 

and 

26 times the prodftdl of thofe diameters. 
Multiply the fum hy the length of the cafk, and the produdi 
by the number .00034 j then this lull produdl divided by ^ 
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GAZOMl!LTER, Gasomkteu, or GaxJyMrj nre 
names givt-u to certain inlirumenta or veflels formed as refrr- 
voirs for larg^' quantities of gas, to which are added fiiitable 
convenienerr, for receiving and applying the fame, and for 
mcaruring the volume. L.avoiiier and Meufnicr were the 
fu ll: to defign and cx»*cute fuch an initrument, of which a 
plate, accompanied wi:h a defcri|>tion, was given in the 
Klements of Cheiniftry, puhliftied by the former celebrated 
philofoplur in 1789. This inilnimcnt was too complicated 
and cxpenfive to be of general nfe. Since that time varicMis 
have been the aberations and improvements n>?.de by fiic- 
ceedlng chemifts *»ccording to tl*e objects they bad in view. 

Lavoifjer'r. gir/ometer conlilled of a cylindrical copper 
velTel, open at bottom, and inlerted into another larger 
ve^Tel of the fame kind, open at top. ']'‘he internal yeflel is 
18 inches in diam.eter, and 20 inche# deep. Around the 
bottom of this, on out fide, is fixed a bord<.r divided into 
Cvompartmentft, intended to receive leaden weights, 1, 2, 3, 4, 
&c. inordtrto iucrcafe the weight of the vcll'cl when con- 
fiderablc prefinre is roqiiifite. The top of this veflcl is fur- 
ni(h''d with a tube and llop-cock, forming a communication 
between the external and internal air, tdlo with a thermo* 
meter ccmi*nted into it to Oiew the temperature of the air 
within. The vefTel is fupporled by a chain from one of the cir- 
cular ends of a balance beam ; and to the other end a foalc 
and weight are fufpended as a counterpoife. Tlie external 
veffel is partly filled with water, and lias tubes along the 
bottom and rifing up to communicate with the air in the inte- 
rior veflel, for the purpofe of admitting or difeharging it. 
Some auxiliary glafs tubes and a fcale of inches are attached 
to the veffel, to fliew ilie l»eight of the water in the inner 
and outer vcllcl, and th^* difference of the heights, in order 
to cfjrre<?f for the prelfure. Tins partial defeription will 
give an idea of the outline of the Unuf'lure, which is much 
too complicrited to be exhibited as a model for the prefent 
time. 

In the I2ih vol. of the Annalcs de Chimie, 1792, is given 
the defeription of a gazometer by Van Marum : the imme- 
diate oldest of it was to exhibit the compofition of water 
by the flow combullion of hydrogen in a large glafs receiver. 
T wo of thefc gazometers were employed ; the one to introduce 
a ftream of hydrogen gas, and the other oxy-gen. The hy- 
drogen was lighted at the commencement of the experiment 
by electricity. The apparatus difplays ingenuity ; but it is 
complicated and cxpenfive. In the i.^th vol. of the fame 
work he gives a fimpiiiicatkm of’ the ga/.ometer as applied to 
the fame purpofe ; but it is flill too complex and too partial 
in application for general ufe. 

In I794> Watt of Birmingham publifhed a pamphlet 
containing a defeription of an apparatus for elaftic fluids. In 
this he delcrihes two vefleds, the one under the name of hy^ 
drauHc hellonvsf which is, in fa6l, the modern gazometer, and 
the other under the nime of air^hoUer, Thcie were illuflra- 
ted with plates. The hydraulic bello%vs or gazometer conlills 
of two vcflVlR H and J, Plate (ChemtJlryJJj^, i. The 
outer vefrol, H, conlifts of two cylinders placed one w'ithin the 
other , and about half an inch afnndcr. Thefe cylinders arc joined 


together kt bottom by a circular rim, w'cll foldc red to them 
both; and the inner cylinder is flint at top by a covv^r alfo fol- 
dcred on. This inner cydinder is about two inches fliorter than 
the outer cylinder, and the latter k furmounted by a cup, 
W W, about il inch deep, and one inch all around more in 
diametrr than the cydinder to wdiicdi it is attached. The 
pipe, P Q, p'dfTes diametrically acrofs the vcfTel H ; the end, (), 
i.^ o]>en, lujd made fo as to be flopt with a coik or coc5c. 
From this pipe, P Q, proceeds a pipe V, which prifTcs up- 
wards through the cover of the inner cylindf*!’ to which it 
h foldered, and is oy-en at its uoptr end. The fecond vcdlel; 
J, or the bellows, is a holiovi cylinder wf one foot diameter, 
and eiglitccn iiiclies long, flint at ti,p, and open at bottom ; 
it is made fo as to move up and dow n ealily in the circular 
inlerftice between the inner and outer cylinders of tlie veflel 
H ; and when tbar interftice is filled with ’.vatt r, as lii«di as 
the cover of the inner cydinder, if the veflel J is moted uj) 
and down, it will a6l the part of a bellows, drawdng in and 
bloiving out air, by the pi]*cs V and P The bellows 
are i.ipde of tinned iron plates japanned, or of tinned copper- 
plates iioi japanned, 

1 ne air-holder is thus deferibed : Let a cylindrical vefTtd 
2.) be made of lliong tin plate ; tliis vefiel is to be elefe at 
b<>th ends, which are made concave outw'.ards ; clofe to both' 
the bottom and cover, fliort pipes, U and V, proceed from tbix 
fide of the vcfld ; their diameters fliould be the fame as the 
pipe, P Q, of the bellows. Anotlur pipe, T, j»afles through 
the niiduleof the cover or upper end of the vcJi’el, to which 
it is well foldercd ; and reaches within half an inch of the 
bottom. To guard this veflTel from rufl it fliould be japanned 
both infidc and out ; and for the greater convenience of ja- 
panning it wdlhin, it may be made to come afunder at the 
middle of its height, and when varnifhed may be cen rnted 
together by a mixture of w'ax and rofin ufed hot. When 
this veffel is completed, the upper pipe, U, is to have a fhort 
pipe, W, inferltd into it, which fliould alfo fit the pipt , Q, 
of the bellow^s. "I’hc lower pipe, V, is then to be corked, 
and the veffel filled with water by the central pipe T. This 
veffel is to be placed in an empty tub, the pipe, W, itifoncd 
into the pipe, Q, of the brli^iys, and cemented to it. \V^hen 
the belloiys are /ilh:d w ith artificial air, the cork of the lower 
pipe, V, is to be taken out, and the counterpoife of the 
bellows is to be lifted up ; the water in the air-holdcr will 
then run out into the tub, and the air defeend from the bel- 
lows into the former veflel, which, when full, mufl h?i\e its 
pipes clofc corked. To transfer the air from this vcfli l into 
a bag or bladder, fix the faiicot or mouth-piece of the bag or 
bladder into the upper pipe U, and if you w^ant a* quai or 
gallon, or other nieafure of air, pour fo much water into 
the air-holdcr through the central pipe, and cxaftly that 
quantity of air will imie out ; then re-cork your veffel until 
you want more air from it. 

In the cth vol. of the Philofophical Magazine 1799, 

Pepys dclcribes a new mercurial gazometor. The principle 
of it is nearly the fame as the hydraulic bellows of .Mr. 
Watt. A 3.) is a reprefentation of the bell of tlie ga- 
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someteri made of glafsi furniihed with a cock at top, and able 
to contain 44 ounces Troy of diftilled water. The divifions of 
capacity, determined by a£lual meafurement, are marked on 
the glaft with a diamond. B B, are the feftions of two cylin- 
ders of lignum vitae (or call iron), the outward one ferewed 
upon the folid internal one, which is made to projedl at its 
lower extremity, and furniflied with a male ferew, to work 
into a female icrew, with which the lower end of the ex- 
ternal cylinder is furniflied. The fpace between thefe is fo 
adjufled as to be almoft filled up by the fubflance of the 
gldfs bell, A, when dropped into ii, fo that the quantity 
of mercury neceflary to fill up that fpace is proportionally 
fmall. The internal cylinder has a conducting tube up 
through its axis, the lower end of which is furniflied with a 
female ferew anfwcring the male ferew of the cock of the 
fmall receiver C. The receiver, C, is of ^lafs, and open at 
the bottom. When this receiver is ufed, it is ferewed into 
its place, and refts upon a fmall cup or cillcrn of mercury, D, 
in which the beak of a retert, furniflied with a bent glafs 
tube, may be introduced into the receiver. E E E E 
feftion of a wooden (land upon which the cylinders of lignum 
vitse or caft iron are fupportecl, having an opening through 
the top to permit the cock of the receiver, C, to be joined 
to the conducing tube of the internal cylinder B. The 
eiftern, 1), is adjufled to its heiglit by means of a rifing cy- 
linder in the pcdcflal F. G is a transfer glafs for mixhig 
alkaline gafes in vacuo, or other purpofes, and when ufed, is 
joined to the top of the bell A. H, a^lafsgiobc and flop- 
cock, capable of holding 14 ounces Troy of water, for 
w^eighing gafes ; it receives its gas by being inverted and 
ferewed into the bell A. I, a bladder furnifhod with a flop- 
cock, to aflifl in holding, transferring, or mixing different 
gafes. K, an elaftic gum bottle capable of containing 30 
ounces of water, for holding the acid gafes ; when ufed it 
is ferewed into the top of the transfer G ; the bottom cock 
of the latter being at the fame time joined to the bell A, 
previoufly charged with the all aline gas ; the cocks being 
turned, the gafes rufli together in vacuo. X., a fmall 
portable air-pump for exhaufting the globe H. H, a 
double male ferew, which fits any part of the apparatus, 
and on w'hich a valve may be faflened. N, a double female 
ferew, O, a fmall inftrurnent, of fervicc in colle^ng fpillcd 
mercury, or transferring fm?U quantities cf it. 

Mr. Davy’s Refearches, &c. publiflied in 1800, contain 
an account of a mercurial gazometer by Mr. Clay field, 
'^rhe peculiarity of this conflfts, in having the counterpoife 
to the cylinder fufpended by a firing w'hich runs in a fpiral 
groove fo as to balance the cylinder, whatever its depreflion 
i:i the mercury may be. 

The53dvoI. of the Journal de Phyfique, 1801, contains 
a defeription of a new gazometer by Viftor Michclotti, M. D. 
of Turin. This inftrurnent, however, can fcarccly be recom- 
mended for its fuperiority. 

In the 13th vol. of the Philofophical Magazine, 1802, 
Mr. Pepys has deferibed a new gas-holder. The apparatus 
is in fame refpe^s fimilar to that recommended by Mr. Watt. 
A fmall circular eiftern is added at top, which is cunnefted 
v'ith the gas-holder by means of two pipes furniflied w ith 
cocks. It has alf) a brafs cock on the fide, and a glafs 
gage or regifter tube, (hewing the quantity of included gas 
by t.he level of the water. The following is a deferipliou of 
the difierent parts, 4 The ga8-holder,G,may contain from 
two to ten gallons. R, the regifter tube, the ends of which 
are cemented into two tin fockets bv corks at the top and 
bottom of the gas-holder, into which it opens at both 
ends; of courfe the level of the water in the apparatus 
win always be fecn in the tube, and confeqiicntly th.it of the 
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gas. tlie circular eiftern with its two cocks and pipel# 
marked s and 2. C i a brafs cock on the fide, with a 
ferew, to which bladders or a blow-pipe mav be attached* 
O, an opening into the gas-holder, in whicn a pipe is foU 
dered at luch an angle, tmit when all the uppermoft cocks 
are fiiut, no water can poflibly efcape. But when a con* 
during pipe from a retort or other apparatus generating 
gas, is introduced into this opening, then, as the gas paifea 
up into the gas-holder, an equal quantity of water will be 
difcharged at O into any veffel fit to receive it. S /, a fpout 
on the fide of the eiftern to enable the operator to add 
W'ater, even when the receiver fills its v/hole area. H, H, 
handles to lift the gas-holder. R r, a glafs deflagrating re- 
ceiver, ftanding in the eiftern. A, its adopting cork and 
cock. S, a watch fpring in a flit wire prepared for com- 
bullion. The w'ire pallts through a cork. D, a deflagrating 
difle of iron for fulphur, phofphorus, charcoal, fugar, cam- 
phor, 3 cc. B> a blow-pipe willi a gum elaftic tube, £, ca- 
pable of joining the cock C L 

To make ule of this apparatus; firft fill the gas-holder 
w'ith water, by clofing the opening, O, with a cork, and 
alfo the cock, C /, and keeping the circular eiftern full of 
water, while the cocks i and 2 arc both open. The air is 
driven out of the gas-holder through the cock l, by the 
water defeending into it by the cock 2. When full, the 
water in the regifter will be on a level with the top of the 
gas-holder. Tlicn fhul llic cocks i and 2. You may now 
remove the cork from the opening, O, which is then pre- 
pared to receive the condudting pipe from any apparatus 
from which the gas is generating. As the gas is delivered 
the water efcapes, and ftiould be caught in any convenient 
vefTel, The regifter will then (hew the quantity received ; 

lie'll full, clofe the opening, O, w'ilh a cork WTapped to 
leather, which \ revents the communication with the atmo- 
fphere. It may now be cafily removed or conveyed where 
it is wante d. When it is required to fifl a glafs receiver, 
as R r, with the gas, having previoufly filled the circular 
ciilern w ith w'ater, place it in the eiftern, put in the adopt- 
ing cork, A, and with the mouth applied to the cock, ex- 
hauft the receiver in wdiich the water will rife till full. 
Then clofe the cock, A, and'open the two cocks, 1 and 2, 
and the gas willafcend into the receiver, while the water w'ill 
take its place in the gas-holder. 

In the fame volume of the hlagazine Dr. Warwick fug- 
geftsa more fimple alteration of Mr. Watt’s air-holder than 
the above. It conflfls in having a rim at the top of Watt’s 
air-holder, fo as to admit of a column of water of an inch 
in depth aVove the flop cock, foldered to the fherter tube 
in the top of the air-hokk r. 

In the 23d vol. of Nicholfon’s Philofophical Journal, 
1809, Mr. Clegg has given a defeription of a gazometer 
or gas-holder fer receiving the gas from coals, for the pur- 
pole of lighting manufaftories, &c. This is on a large 
fcale, fo as to hold fcvcral hundred cubical feet. The vef- 
fel containing the air is made of wrought iroi^ plates, and 
may be cylindrical, or, which is better, fquare or oblong, 
with an internal frame of wood to preferve the figure. This 
veffel is balanced by a weight in the manner of other 
gazometers, and is let down into a large well or refervoir of 
water, like the upper cylinder of Mr. Watt’s hydraulic 
bellows. When in operation, a fmall head of water preffes 
on the gas, and forces it tliroiigh the tubes to the lamps, 
where it is burned. As this apparatus is daily receiving 
improvement, we fhall defer giving a full defeription of it 
till the article GAH-Li^ht. See alfo Lioirr* 

Rules jfhr reeluctttg mafurcs of gafa to wci^hts.^^ln order 
to reduce any given xneafure of a gas to weight, the exa^ 
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weight of a given volume at a certain preffure and tempe- 
rature muft be previourty known. This may be fecn in a 
table under the article Gas. I’he mean preflhre of t]>e at- 
mufphere may be taken at 30 inches of mercury, and the 
mean temperature at 55® of Fahrenheit. The reduction, on 
account of preffurc, arifes from tlu* principle that “ the 
volume of any gas is inverfely as the prefl'ure.** The re- 
duftion, on account of temperature, mult be ^ J-i^th for every 
degree of Fahrenheit, between the limits of 32' and 80'. 
At lead this is a fufFicient approximation; that is, the volume 
mult be increafai if the temperature is below 55®, and </*- 
minted '\l above 55-, by the fradtional part above fpecilied. 

Example I. — Required the weight of looo cubic inclicsof 
common air in a mercurial gazometer ; the mercury within 
being 2 \ inches above the level of that without, the barome- 
ter at the fame time being 29.5 inches, and the thermome- 
ter 62^ 

6Vw//oii, ~ Here the real prelTure of the gas is 29.5 — 
.2.^ inches == 27. Hence, 30 : 1000 27 ; 9C0 = the 
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•volume of gas reduced to 30 inches of prellurc. Again, 
62^ — 55® = 7 ’, and of 900 = 14.5, which being 
taken from 900, leaves 885.5 ^‘**hic inches of gas at the com- 
tno» preffiire and temperature. But 100 cubic indies weigh 
.31 grains; whence 885.5 X 3* = ^744 grains, as re- 
quired. 

Example 2 — Required the weight of 1000 cubic inches of 
common air in a water gazoiiieter ; the water within being 
3 indies below that witliout, the barometer at the fame 
time being 29.8, and the thermometer 3S®. 

Solution. — Here the real prelfiire of the gas is 29.8 -f the 
prdfure of 3 inches of water ; but 3 inches of water = 
tV-tt biches of mercury == .22 inch. Whence the prelTure 
= 30.02. And 30 ; 1000 :: 30.02 : 10CO.7, the volume 
of gas reduced to 30 indies of prelTure. , Again, 55® — 
38® = 17 ’, and of 1000.7 — 39-1, which being added 
to 1000.7, ^o ;9.8 cubic inches of gas at the common 
prelTure and temperature = grains. 
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Gilbert, John, the fon of Mr. Thomas Gilbert, a gen- 
tleman poffeffing an eftate of about 300/. a year, was born 
in the year 1724. His eldeft brother had a liberal educa- 
tion, with a view to the bar, and became afterwards a mem- 
ber of parliament for Newcaftlc and Litchfield ; but the fub- 
jeft of this article had only fuch inftruftion as the obfeure 
village of Farley, in the neighbourhood of his father’s 
houle, could afford. At the age of twelve or thirteen years, 
he was bound apprentice to Mr. Bolton, father of the well- 
known and jultly celebrated Matthew Bolton, of Soho, near 
Birmingham ; between whom and Mr. Gilbert an intimacy 
fubfifted, as long as the latter lived. At the age of lo he 
loll his father; and as he died pofTefTed of extenfive lime- 
works, they required attention. Accordingly Mr. Gilbert, 
in order to undertake the fuperintendence of them, quitted 
his connexion with Mr. Bolton, who very reluAantly part- 
ed with him, and devoted himfelf to the management of his 
own family concerns. Notwithftanding the difadvantages 
under which Mr. G. had laboured in early life, he polTefled 
talents, which, matured by age and experience, could not 
fail of recommending him to notice. But the moll remark- 
able circumftance in thehiftory of this ingenious pcrfofly and 
that indeed which has induced us to give a brief account of 
him, was his introduftion to the duke of Bridgewater, at 
the time when he was projefting improvements of hS« col- 
lieries, in the neighbourhood of Manchefter. Mr. Gilbert’s 
brother was then fteward to the duke ; and defired him to 
infpeft and examine his Grace’s collieries at Worfley. After 
viewing the works, it immediately occurred to him, that if 
the coals on that part of the duke’.s eiUte could he brought 

to market in fuch a populous town as MancheSer, and fesr 
the fupply of the numerous works in its vicinity, the coU 
liery, which, in the ftate it was at the time of his infpeftion,: 
yielded little profit, would become extremely valuable. It 
is fjid, that he fecluded himfelf altogether from company 
for two days, at the Bull inn at Manchefter, to confider 
how this might be done by water-carriage, as that by land 
was very expenfive, and, on account of the badnefs of the 
roads, very inconvenient, and almoft impra&icable. Hav- 
ing digelled his fcheme, he communicate it to the duke, 
wlio was no lefs ttruck with the propofition fuggefted by 
Mr. G. than the projeftor himfelf. Accordingly the work 
was foon after began. Mr. G.’s name has kliom occurred 
in conneftion with this very important and lucrative uiider^ 


taking; and as he preceded Mr. Brindley in this bufinefs, 
of which we have ample and fatisfaftory evidence, we thought 
that juftice required a candid and impartial ftatement of the* 
cafc; Mr. G. was fo fortunate, in the profecution of this 
work, as to find lime upon the duke’s eftate, which muft 
otherwife have been brought by land from Buxton, at the 
diftance of near 30 miles; and in a work of this great ex* 
tent, this was no inconfiderable faving. The tunnel was 
entirely executed, as well as planned, by Mr. G. ; who, be- 
ing acquainted witli Mr. Brindley as a neighbour, and know- 
ing him to be a very ingenious and excellent mill-wright, 
engaged his afliftance in the condudl and completion of this 
arduous undertaking, and introduced him to the duke for 
this purpofe. The duke was fo well fatisfied with his agent 
and projeftor, that at firft they lived together for two or 
three months in the year, and for feveral of the lad years ofi 
Mr. Gilbert’s life, he fpnt half his time with him. In June* 
1757, he removed with his family to Worfley, that he 
might, with greater convenience, attend the profecution rf 
the bufinefs he had undertaken. As a farther evidence of 
the duke’s regard for Mr. G. we may here add, that he 
avc his fon, who was educated for the church, the feconl 
eft preferment at his difpofal, to the amount of about 
1200/. per annum. We might mention many other con- 
cerns in which Mr. G. was engaged, and in which he W 
an opportunity of manifefting his flcill and judgment, in the 
conduft of canals, mines, and other improvements relating 
to rural economy. We ftiall merely add, that he is faid tr 
have been the firll perfon who fuggefted the ufe of gun-pow^ 
der in obtaining rock-falt. Mr. G. was probably fo modeft 
and unaffuming, that he did not, during his lite-time, lay 
claim to the honour which belonged to him, with refped t# 
the duke of Bridgewater’s canals and collieries; and we have 
introduced his name into the Cyclopaedia, in order to do 
him juftice, without meaning to detraft from the merit of 
his coadjutor and fuccefibr, Mr. Brindley, to whom wc havo 
already paid ample and deferved refpeft under hit biogra- 
phical article, Mr. Gilbert’s general charaftcr commanded 
the efteem of all who knew himi and his death, even after a 
prolonged life of about 73 years, which happened at Worf* 
ley, on the 4th of Auguil, 1J97, was, without doubt, re- 
gretted by his friends, and elpecially by the noble dukc^ 
who was in the houfe at the time. 
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GILDING, or Guildikg, the art, or of fpreading 
ar covering certain fubilances with gold, either in leaf or 
powder, or in amalgam with quickinver. See an account 
of tliefe preparations of gold under Gold. 

The art of gilding was not unknown among th^ ancients, 
though it never arrived among them at the perfection to 
which the modems have earned it. For this purpofe 
the gold was beat into pktes, with which the walls of 
apartments, dirties, and other veflels were covered. In early 
ages thefe plates were thick, fo that tliis mode of gil^ng 
was very expenlive. (See the procefs employed for gilding, 
in this manner, the horns of the ram brought by Neftor, as as 
offering to Minerva, in Homer’s Odyrtey, 1 . iii. v. 492.) la 
procefs of time, however, the expence was muen Icflcned, 
becaufc the art was difeovered of making thefe plates 
thinner, and of laying tliem on with a rtze. 

Pliny aflures us, that the iirft gil^ng feen at Rome was 
after the deflruCfion of Carthage, unaer the cenforrtilp of 
Lucius Mummius, when they &gan to gQd the ceilings of 
their temples and palaces ; tne Capitol being the iirft place 
on which this enrichment was beftowed. But he adds, that 
luxury advanced on them fo haftily, that in a little time yoa 
might fee all, even private and poor perfons, gild the very 
wails, vaults, &c. of their houles. ** When we cover our 
houfes with gold,’* fays Seneca, fEpift. 115.) what clfe 
do we than rejoice in deception ? n>r we know, that coarfe 


wood is concealed under that gold.” Wc need not doubt 
but that they had the fame method with us, of beating 
gold, and reducing it into leaves ; though, it fhould feem, 
they did not carry it to the fame hei^t; if it be true, 
which Pliny relates, that they only made feven hundred 
and fifty leaves, four fingers fqoai^, of a whole ounce. In- 
deed, he adds, that they could make more ; that the thickeft 
were called hraiiea Prtnejftnm^ cn account of a ftatue of the 
goddefs Fortune at Prscnefte, gilt with fuch leaves; and 
that thofc of the thinner fort were called bra 8 i£ ou^orie. 

The modern gilders alfo make ufe of gola leaves of 
divers thicknefles; but there are fome fo fine, that a 
thoufand do not weigh above four or five drachms. The 
thickeft leaves are ufed for gilding on iron, and other 
metals ; and the thinneft on wood. But we have another 
advantage above the ancients, in the manner of ufing and 
applying the gold : the fecret of painting in oil, difeovered 
of late ages, mrnirties us with means of gilding works that 
(hall endure all the injuries of time and weather, which to 
the ancients was imprafticable. They had no way to lay 
the gold on bodies that would not endure the fire but with 
whites of eggs, or fize ; neither of which will endure the 
water : fo that they could only gild fuch places as were 
ihcltered from the moifture of tne weather. 

The Greeks called the compofition on wliich they ap* 
plied their gilding on wood, huc^fh^tumt or kvtophorufn i 
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mrlilch is dcfcribcd as a fort of glutiiioufi compound carth^ 
fcrving, in all probability, to make t!ie gold flick, and bear 
polifhmg. But as to the particulars of this earth, its colour, 
ingredients, &c. the antiquaries and naturalills are not 
agreed. 

There arc feveral methods of gilding in ufe among us : 
viz. gilding on an oily fne ; gilding on a water fize ; gilding 
h which is peculiar to metals ; gilding of hooLs^ 

&c. 

Wc may diftinguidi, in general, two kinds of gilding, one 
with, and the other without, the application of lieat. The 
firft method is praAifed on thofe fubilances, fuch as wood, 
paper, leather, lilk, lacquered and japanned ware, &c. which 
would be injured, and even deltroyed at the temperature 
requifite for the other fort of gilding, which is employed on 
fubdances that are not liable to alteration by expofuro to a 
moderate heat, fuch as metals, and fometimes ghfs and 
porcelain. 

There arc two methods of gilding on wood, viz. oil- 
gilding, and burnifhed gilding. 

Gilding in oiU or an oily is performed by cementing 
the gold to the ground by means of fat oil. Linfeed oil may 
be prepared for this purpofe, by putting fuch a quantity of it 
into a broad veffel as may cover the bottom about an inch 
deep, and adding to it as much water as will rife fix inches 
or more above the bottom. Let the veffel be expofed to 
the fun and rain, and the contents be occafionally flirred for 
five or fix weeks, till the oil appear of the conlillt*nce of 
treacle. Then feparate the oil from the water, and place 
it in a long bottle, or feparating-funnel, ufed by the clicmifts, 
in fuch heat as will render it perfeAly fluid ; pour off the 
clear part, and drain the remainder through a funnel, and 
the whole will be fit for ufe. The water helps to clear and 
bleach the oil, and improve it in other rcfpcAs. 

In order to prepare the wood for gilding, it mud fird 
be covered or primed with two or three coatings of boiled 
linfeed oil and white lead, in order to fill up the jiores, and 
conceal the irregularities of the furface, occafioned by the 
veins in the wood. If greater nicety and perfeAion in the 
work be required, the wood Ihoula be fird rubbed Ivith 
fifli-flcin, and then with Dutch ruflics. 

When the priming is dry, the next operation is that of 
fizing the work, or laying upon it, by means of a brufh, 
or a Targe pencil, a thin coat of gold lize ; care being taken 
that the brufh or pencil be made to pafs into all the 
cavities and projefting parts, if tlie fubjeA be Carved. 
This gold fizc is prepared by grinding calcined red 
•chre with a due proportion of the lat, or thicked 
drying oil that can be procured, (the older the better) ; 
and this fize, in order to fit it for working more freely, is 
to be mixed, previoufly to its being ufed, with a fmall 
quantity of oil of turpentine, till it acquires a proper con- 
fidence. Sometimes the work is fixed with fat oil, and 
the japanner’s gold fize (fee Gold Si ie)f ground alfo 
with ochre. If a high degree of perfeAioii be required, the 
work fhould be fized a dcond time, and fome add a third 
fizing, before the gold is laid on. In order to afeertaiu its 
fitneU for this purpofe, it is touched with the finger ; and 
if it feelfomcwhat adhefive or clammy, or, as the gilders call 
it, tacky/' but not fo as to be brought oft* by the finger, 
it is in a lit date for gilding. But if it be fo clammy as to 
daub, or come off on being touched, it is not fufficiently 
dry ; or, if it has no clamminefa or dicking quality, it is too 
dry, and mud be fized over again before it is gilt. When 
the gold fize is good, it will be fufficiently dry in about 
Iwe&e hours for the application of the gold. In this 
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procefs, wlien the furface is fufficiently large and plain to 
contain them, the gold leaves may be laid on entire, either 
by means of a rquirrcl’s tail, or immediately from the paper 
wluch originally contained them, which lad method, prao 
tifed by tnofe who have acquired the iieceffary dexterity, is 
the fimpleft and mod expeditious, as well as the bed, for the 
perfection of the work. The leaves, being laid on the 
roper parts of the w'ork, mud be fettled to the ground, 
y gently compreffing thofe, which feem to vnant it, with 
the fquirrePs tail on a cotton ball ; and if any part of the 
gold has flown off, or been difplaccd, fo as to leave any 
fpot uncovered, a piec?e of another leaf, of a correfponding 
fize and figure, mud be laid upon it. When the parts are 
too fmall to admit of laying on whole leaves, or when 
vacancies are left, after laying on whole leaves, which re- 
quire to be covered witli the flips or fragments of leaves, 
thofe that are to be ufod a-c turned from the paper upon a 
cufliion. (See Gilding Cujhion and Cushion.) They 
are then cut into flips, of a proper fize, by a blunt pallet- 
knife (fee Gilding Knife ) ; and each flip is taken up on 
the point of a fine brum, or by an indrument called the 
(fee Gilding 7//,) which, being moldened by 
breathing upon it, will take up the leaves, or any frag- 
ments of them from the cufliion. When thefe are thus 
applied to the parts of the work that were to be covered, 
they are gently preffed down by the cotton ball, till they lie 
every where evenly upon the ground; and the gold will 
immediately adhere to the dicky furface of the fize. Where 
the work is very hollow, and fmall pieces are wanted to 
cover parts that lie deep, they may be taken up, by the tip 
already mentioned, or the peint of a fitch pencil, firit 
breathed upon, and thus convtyed to, and fettled in, their 
proper places. The whole of the work, being thus covered, 
ihould be fufPered to remain till it be dry, and it may then 
be bruflied over by a camePs hair pencil, or foft hog’s hair 
brufli, in order to clear away any loofe particles of the gold 
leaf. If, after brufhing, any defeAive parts appear, fuch 
parts mud be again fized ; and treated as before. The 
iquirrePs tail ufed in gilding is cut fliort, and fometimes 
fpread in the fan-fafliion, by means of a piece of wood 
formed like a pencil-flick, but broad at both ends, and fplit 
to receive the tail ; but it will equally ferve in its own furm, 
when the hair is cut to a proper length. The cotton ihould 
alfo be formed into a ball, by tying it up in a piece of fine 
linen rag ; for if it be ufed without the rag, the tibres adhere 
to the gold fizc, and embarrafs the work. 

This fort of gilding is chiefly ufed for domes, and the 
roofs of churches, courts, banqueting-houfes, &c. and for 
figures of plailer, lead, 5cc. that are to dand expofed to the 
weatlier. 

This oil-gilding is the mod fimple and eafy, lead expenfive, 
and mod durable, as it will not be readily injured when ex- 
pofed to tlie open air ; and it may be alfo cleaned with a 
little warm water and a foft brum ; but, as it cannot be 
bui’niflied, it wants the high ludre which is produced by the 
nictliod we lhall next deferibe. 

Gilding, Burmjhcdy or in Diflempery or on IVaterfiiey k 
tliat kind of gilding which is generally ufed for piAure 
frames, mouldings, ducco, and iuch wooden works as are 
iheltcred from the v^'eather, and not fubjeA to dampnefs. 
In order to prepare the wood for this fort of gilding, thofe 

S arts that admit of it flioiild be fird well rubbed wi^ fi(h- 
dn, and then with Dutch niihes. It (hould then be care- 
fully covered with drong fize, made of (hreds, flee, of wliite 
leather, fuch as that ufed by glovers, or clippings of parch- 
ment bioikid in water, in the proportion of almut a pound of 
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the (hreds or clippings, to fix quarts of water, to the con- 
fidence of a ielly, and then drained through flannel while 
hot. When this coating is dry, eight or ten more mii(l be 
applied, conlifling of the fame flze, mixed with fine plaller 
of Paris, or waihed chalk, or powdered whiting ; which 
mixture muft be made by melting the fize, aad ilrewing 
the whiting, &c. gradually into it, ftirring them well toge- 
ther, that they may be thoroughly incorporated. This is 
laid on with a (liff brufh, and oftener or feldomer repeated, 
ticcording to the nature of the work ; for pieces of fculp- 
ture, feven or eight layers fuflice : for flat, orfmooth works, 
they ufe ten or twelve. In the latter cafe they arc applied 
by drawing the brufli or pencil over the work : in the 
former, by dabbing it fmartly on, that the fize may enter all 
the dents of the carving. 

After the lall coat is laid on, and before it be quite dry, 
a brufii pencil, dipped in water, fliould be pafTed over the 
whole, to fmooth it, and take away any inequ<nlities that 
may have been formed ; and when it is dry, llie parts that 
admit of it (hould be again brufiied over till they are per- 
ff*<^l:ly even. The work Ihoiihl then he repaired, by freeing 
all the cavities from the priming : after which a water polilh 
fliould be given to the parts defigned to be biiniifhed, by 
rubbing them gently with a fine linen rag moiilened with 
water. 

When the whole work is become quite dry, a moderately 
thick layer muft be applied, compofed of fize and bole, or 
yellow ochre. Dofiie, in the Handmaid to the Arts, gives 
the following recipe for the fimpleft compofitions, iifed as 
the proper cement or gilding fize in this kind of gilding : 
** T.ike any quantity of bole armeniac, and add foine 
water to it, that it may foak till it grow foft. Levigate it 
then on the ftone, but not with more water than will pre- 
vent its being of a flifif confiftence, and add to it a little 
purified fact or tallow feraped ; and grind them together. 
When this is wanted for ufe, dilute it to the confiftence of 
cream, by parchment or glovers’ fize, mixed with double 
its quantity of water, and made warm. Some melt the fuct 
or tallow, and mix it previoufly with five or fix times its 
weight of chalk before it is put to the bole, to facilitate their 
commixture, to which in this wet ftate they are fomewbat 
repugnant. It is alfo fometimes pradifed to put foap fuds 
to the bole ; which will contribute to its uniting with the 
tallow.’* (See Gold 5/zr.) Let this compofition be 
diluted with warm fize mixed with two-thirds of water, and 
let it be fpread with a brufli over tlie whole of the work, and 
then fuffered to dry ; and then let the fame mixture be ap- 
plied in the fame manner, at leaft once more. After the laft 
coat, it (hould be rubbed in the parts to be bnrniihed with a 
foft cloth, till it be perfoftly even. Some add a little ver- 
milion to the gilding fize, and others colour the work, if 
carved, before it be laid on, with yellow and the glovers’ 
fize ; to which a little vermilion, or red lead, (hould be added. 
'This lad method is defigned to give the appearance of gilding 
to the deeper and obfeure parts of the carving, where the 
gold cannot, or is not thouglit ncceffary to be laid on. But 
this practice is much difufed ; and inftead of it fuch parts of 
the work are coloured after gilding; which operation is 
called << Matting.” 

The work being thus prepared (hould be fet in a pofition 
fomewhat declining from the operator ; who, liaving at hand 
a cup of clean water, and fome hair pencils, moiftens a part 
of the work, and then applies the gold leaf to the part fo 
moiilened in the manner already aire£led under the article 
O/AGuldino, till it be completely covered, or till it be 
too dry to take the gold. This will immediately adhere on 
being preded with the cotton ball. The operator proceeds 
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to moiften the next part of the work, and apply tlic gold aS 
before, repeating the operation till the whole is completed* 
If, in examining the work, any parts fliould appear to need 
being repaired, they (hould be moiftened as before, and 
covered with the gold ; but care (hould be taken that no 
part be mi (Ted in the firft operation, as it is not fo cafily 
mended as in oil-gilding ; nor fliould any drops of water be 
fuffered to fall on the perfedl part of the gilding, as the gold 
is very apt to turn black in this Hate. The work being 
thus far gilt, when dry, and fit for the purpofe, which it 
will ufually be in about twenty-four hours, remains, either 
to be burniflied, or matted. 

The proper period for this purpofe can only be afeer- 
tained by experience, and varies at different fcafons. The 
mode of dillingiiifhing the fitnefs of the work to take the 
burnilh, is to try two or three particular parts at a diftance 
from each other ; and if thefe take the polifli well, the whole 
may be concluded to be in a fit (late. But if tlie gold peel 
off, or be difordered by the rubbing, the work muft be 
deemed not fufficiently dry ; and if the gold bear the rub- 
bing well, and yet receives the polifh flowly, it is a proof 
of ito being too dry, which (hould be prevented by watching 
the proper time. For the work, when too dry, botli re- 
quires much more labour to burnifh it, and fails at laft of 
taking fo fine a polifli. 

To burnifh it, is to fmooth and polifh it with a biirnifher^ 
which is ufually a dog’s or wolf’s tooth, or a blood-ftonc, 
an agate, or a pebble, or fomething elfe very fmootli, fitted 
in a handle for that purpofe. 

To mat, is to give it a light lick in the places not bur- 
nifhed, with a pencil dipped in fize, wherein a little ver- 
milion fometimes has been mixed. This helps to preferve 
it, and prevemt its flawing, when handled. Or, it is to cover 
the hollow parts with a colour the neared in appearance to 
gold. 

Some recommend for this purpofe red lead, with a little 
vermilion ground with the white of an egg but yellow 
ochre, or Dutch pink, with red lead, would better anfvver 
the end ; or the terra di Sienna^ very (lightly burnt, or mixed 
with a little red lead, would have a much better effed, and 
be more durable than any other mixture fo near the colour 
of gold in (hade. Ifinglafs fize will likewife fupply the 
place of the whites of eggs. This operation of matting 
iupeffedes the ncceflity of yellowing, which is intended to 
give the appearance of gilding to the deeper and obfeure 
parts of the carving where the gold cannot, nor is tlioiight 
necelTary to be laid on. 

The laft thing is to apply a vei'meil, or lacquer, in all the 
little lines and cavities ; and to (lop and amend any little 
faults with fliell-gold. 

The compolilion here called vermetU is made of gum 
gutta, vermilion, and a little of fome ruddy brown colour, 
ground together with Venice vami(h and oil of turpentine. 
Some gilders, in lieu- of this, content ihemfelves with fine 
lacca, or dragon’s-blood, with gum-water. 

Sometimes, inftead of burniming the gold, they burnifli. 
the ground or compofition laid on laft before it ; and con- 
tent themfelves afterwards to wa(h the part over with li/e. 
This method is chiefly pradtifed for the hands, face, and 
other nudities in relievo ; which, by this means, do not ap- 
pear fo very brilliant as the parts humifhed ; though muck 
more fo than the parts- perfeiUy flat, or matted. 

To gild a work, and yet preferve white groundp, 
they apply a layer of Spani(h white mixed with 
a weak n(h-glue, on all the parts of the ground where- 
on the yellow, or the layer next under the gold, might 
rua. 
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G1LBIKO9 Jifpamtersf is performed hy means of gold pow- 
der, or imitalionfl of it, cemented to the ground by a kind 
of gold fize : for the method of preparing which, fee Gold- 
Jtze. This kind of gilding may be ptadtifed on almoft any 
fubftance whatcrer, whether wood, metal, leather, or paper ; 
nor is there any preparation neceflary, bcfides making the 
furfacc on which the lize is to be Lid, even, and perfe^ly 
clean. Then fpread the japanner’s fize, mixed with a due 
proportion of oil of turpentine and vermilion, with a brufh 
over the work, if the whole furface is to he gilt ; or draw 
with it, by means of a pencil, the proper figure defired, 
avoiding carefully any other parts ; when it is almoft dry, fo 
as to be capable, by its clamminefs, of receiving the gold, 
dip a piece of wafli-leather wrapped round the finger in the 
gold powder, deferibed under Wr//-GoLD, and rub it 
lightly over the fized work 5 or fpread the powder with a 
foft camel's hair pencil ; and with a earners hair brufli clear 
away the loofe powder, after the gilded furface is dry. 
When leaf gold is ufed, the method of fizing miift be 
the fame as for the powders ; but great care is neceffary 
in laying them on, while the fize is in a proper ft ate of dry- 
nefs. 

There is a fal/e kind of gilding, in which a colour of gold 
is given by painting and varniftics, without employing gold. 
Thus a very fine golden colour is given to brafs and to fil- 
ver, by applying on thefe metals a gold coloured varnifti, 
which, being tranfparent, fhews all the brilliancy of the 
metals underneath. Many ornaments of brafs are varniftied 
in this manner, which is called void lacquering^ to diftingiiilh 
them from thofe that are really gilt. Silver leaves, thus 
varniftied, are put upon leather, which is then called gilt lea- 
ther ; and many pi6ture-frames have no other than this coun- 
terfeit gilding, which may be difeovered by waftiing it with 
a little rectified fpirit of wine ; for thefpirit will diflolve the 
vamifti, and leave the filver leaf of its own whitenefs. For 
plain pidure frames, thick tin-foil may be ufed inftcadof fil- 
ver ; the tin leaf fixed on with glue is to be burniftied, then 
poliftied with emery and a fine linen cloth, ard afterwards 
with putty applied in the fame manner ; being then Ucqjaeicd 
over with the varnifti five or fix times, it looks like burnifti- 
cd gold. (See Lacquering ) Among the falfe giUings 
may alfo be reckoned thofe which are made w ith'thin leaves of 
copper or brafs, called Dutch leaf. In this manner are tnade 
all the kinds of what is called gilt paper. See Gildikg of 
P/jVr. 

Gilding of Bools. There are various mctliods, with rc- 
fpedt to the cement ufed, by which the edges of books or 
paper may be gilt. Strong gum-water or iiinglafs fize, or 
glover's-fize may be employed ; but as the gunv-water, and 
weaker fizes are apt to run beyond the edge, and thuscaufe 
the leaves to (lick together, ihnglafs, melted w'ith the addi- 
tion of fome common proof fpirit of wine, and a fisth part 
of honey or fugar-candy is much to be preferred ; to which 
muft be added a third 01 bole armeniac well powdered. 

The following compofition may be ufed for this purpofe : 
Take bole armeniac, and fugar-candy well powdered ; mix 
them witli the whites of eggs, beaten to an oily confidence ; 
and the cement will be fit mr ufe. In applving any of thefe 
•cements, the paper, in quires or in books, mould be well cut 
and polifuci on the edges to be gilt ; and well ferewed down 
by a prefs ; in this ftate it is to be bnifhed over, firft with a 
liitlc of the cement without the fugar-candy or the bole ; 
and when that is dry, either w 4 ih the cement above given, 
or any other folutionof gum or fize with the proper proportion 
of the bole ; after w'hich it may be fuffered to dry i and then 
water-poliftied, by rubbing it with a fine linen rag flightly 
moiftened. It is then fit for receiving the geld, provide4 
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it be moiftened at that time ; and the leaves may be then 
laid on, being cut according to the breadth which they are 
to cover, and preffed clofely dowm by a cotton ball ; and 
after the gilding is thoroughly dry and firm, it may be po- 
liihed. See BooK-^/Wm^, and Gilding^ Paper. 

Gilding on china-ware. The gold is very much valued 
on china-ware, and would be much more fo, were it not that 
it is very liable to lofc its luftre, and to rub off. The Chi- 
nefe have at prefent a method of preventing both thefe acci- 
dents, in a great meafure, by means of a fort of poliftiing, 
wrhich they give it after it is laid on. They prepare for this 
purpofe a line piece of agate, which they polilh on one fur- 
face in as perfeA a manner as poilible. With this they rub 
over the gold, as it lies on the porcelain, feveral times, w’hen 
it firft comes from the baking. This gives the gold a luftre 
wliich it would not otherwife have, and fixes it down to^ the 
ware in fuch a manner, that it cannot cafily be got off. The 
principal mifeUief to which gold thus laid on is £ubic£l, is 
the tarniftiing, or growing dull; this is remedied by the 
fame fort of means. They wet the veffel, upon which they 
would revive the luftre of the gold, in common clean water ; 
and while it is wet, they rub it with the fame polifhed agate, 
adding a little fair water at times to keep it moift. IT the 
gold has not been well laid on at firft, this may poffibly raife 
It or take it off in fome places; but if it was originally put 
on with the help of this ftone, as all the gold on porcelaiii 
now is, the rubbing it with it a fecond time never gives it 
any fcratches, but recovers its priftine luftre and jbeauty. 

It muft be obferved, that the rubbing with this ftone muft 
be all done one both in the firR laying on the gold, 
and in the brightening of it up afterwards. This may Terve 
as a method for us as well as the Chinefe, not only to re- 
cover the beauty of our tarniftied gilt china-ware, but alfo 
to lay gold upon fome of our home manufaftures of this 
kind. Obferv. fur les Coutftmes de I’Afie, See Porce- 
lain. 

Gilding on enamel and glafs^ is performed bv burning or 
annealing, /. e. by producing a cohefion of the gold with 
the glafs or enamel, by the intermediation of a flux, or by 
prodiicing the like effedt without any. In both thefe m<v 
thods, the gold is made to adhere to the enamel or glafs, 
in confcqucncc of the fufion or approach to that ftate, cither 
of the flux ufed, or of the body of the enamel or glafs it- 
felf, by which the gold is cemented to fuch body. The flux, 
when any is ufed, may be cither Ample glafs of borax, or 
any of the preparations of fluxes powdered f fee Flux ) ; 
and the gold is ufed, either in the form of leaf gold* or in 
that of powder made mechanically, or by precipitation. 
{See powder.) When leaf gold is employed without 
any flux, the enamel or glafs may be moiftened with a very 
weak folution of gum arabic, and again dried. After being 
thus prepared, it (hould be breathed upon till it becomes a 
little adhefive or fticky, and then laid upon a fulficient num- 
ber of leaves of gold : when the gold is thus united to the 
enamel or glafs by the cementing quality of the gum arabic, 
the work is ready for burning. If a flux be ufed, it ftiould 
be finely levigated, tempered with a very weak folution of 
gum arabic, and very thinly fpread on the part of the work 
to be gilded ; and when the gum water is aliroft dry, tlie 
leaf gold ftiouM be laid on that part thus prepared for it, 
which is then in a ftate proper for burning. In the prefent 
praftice, the aurum Julmnansj or precipitation of gold bv 
alkaUne falts, is ma<k by thofe who gild glafs in the greateft 
perfedion ; and the volatile alkali is employed for the pre- 
cipitation by the chemift, who prepares it for this purpole. 
But when this kind of precipitate is chofen, the ufe of any 
flux muft' be avoided, and a very confiderable degree of 
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heat applied, Tlic manner of ufing the precipitate powders 
of fToUl, tlie aitrum fulm'inars excepted, as well as the leaf 
gold, may be varied, by adding to it or omitting any flux ; 
but in v/hat way focvcr the po’Ader is ufed, it is to be tem- 
])'*n’d with the oil of fpike, and worked as the enamel 
colours; and the quantity of flux, when any is ufed, m-iy 
b(-* ? third of the weight of the gold. In cafes where the 
ghAi is very hard, or wiiere the opportunity of a ftrong^ heat 
cannot be co ivcm'ently obiained, the expedient of uling a 
flux in the foilowiijg manner may be adopted with great 
advantage. Grind glufs of borax to a fine powder; and 
having tcmp''red it with oil of fpike, lay it on the glafs 
where the gilding ia to be made; then bum the glafs with a 
degree of lieat, that will caule the borax to run ; and when 
it IS cold, apply the precipitate or leaf gold, and burn it 
again, as in other cafes. After the work is burnt, if it be 
iutciuled to be burniflied, a proper luftre may be given to 
it, by rubbing the gilded part with a dog’s tooth, or with 
a fine agate, or iron burniflierfi. Handmaid to the Arts, 
vol. i. p. 374> &c. See Ruby Glass. 

Gold may be laid upon white carthcn-ware or glafs, by 
drawing yourdefign, upon the veffcl to be gilt, with japanners’ 
gold fi/e, moificning the fizc, as you hud neceflkry, with 
oil of turpentine. Set the work in a clean place to dry for 
about an hour, and tlien place it fo near the fire that you 
could but bear the heat of it with veur hand for a few 
feconds. 'Let it remain there till it feels quite tacky or 
clanr.my; thciKhuVing procured a cuiliion and fome leaf-gold, 
cut it into flips of the proper fize, and lay it on with a 
little cotton-wool. When the gold is all on, put the work 
into an oven to be baked for two or three hours. 

Drinking glafles, wdth gilt edges, liave been much ad- 
mired ill this country ; the bed of thefe arc brought from 
Germany: thofe that are made in England, though equal 
in beauty to the foreign, being greatly inferior in the dura- 
bility of the gilding. Dr Lewis made feveral experiments 
with a view of difeovering this art ; from which he con- 
cludes, that the gold is cemented to them by means of an in- 
tervening matter, which will adhere to glais fo as not cafily 
to be rubbed off. He tried maftich, and other refinous 
bodies rubbed warm on the glafs, and feveral fpirituous var- 
iiiflies ; but none of thefe Avcrc found to adhere fufficiently to 
the glafs. He recommends to the trial of the artifts in this 
way the liarder oil vamiflu-s: and glafles have been fince pre- 
pared in England, probablv on the principles which he has 
pointed out, with as durable gilding as thofe brought from 
Bohemia and Thuringia. ’ 

M. Zeigler, in a German tranflation.of tlie ** Commerciiim 
Philofophico-Technicum,” deferibes a varnilh for this pur- 
pofe, with the method of ufing it, which appeared from his 
experiments to be the bell. This varnifli is prepared by 
boiling fine tranfparent amber, reduced to powder, in a 
brafs veflVd, to the cover of whicli a valve is fitted, with as 
much drvLig oil as will juft cover it; and by diluting the 
above folation with four or five times its quantity of oil of 
turpentine. This varnilh may be made to dry' fooner, and 
acquires greater firmnefs by grinding it with a little ./bite 
lea d, or rather with a mixture of white lead and minium'. 
It is to be applied very thin on the glafs, and the gold leaf 
la .d lightly on the varnilhed part ; when the varnilTi is tho- 
lughly hardened, the gold may be burniflied, by laying a 
I >icce of fmooth pap®** between the tooth or Reel burnilher, 
and the gold. This gilding, M. Zcigler obferves, is dura- 
ble, and of a fine luftre. Com. Phu. Techn. p. 65, and 
614. 

Gilding ofjlgum and ktt.rt tm paper ^ and for the embel- 
Ufhment of manuferipts, is performed with fhell-gold, tetn- 
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pored with gum-water; or the charadlcrs may be drawn 
with a milky folution of gum-ammoniacum made in water, 
and golddeaf applied upon them when almoft dry, or if all 
or any part of them is become ^uite dry, they may be again 
fufficiently moiftf ned for receiving the gold by breathing on 
them. Letters laifcd from the lurface of paper or parch- 
ment, in the manner of embofled work, fuch as are feen on 
ancient manuferipts, may be formed either by fri^lion on a 
proper body with a folid piece of gold, or by leaf gold# 
The former method is pradlifed by temjicring pulverized 
cryftal with ftnmg gum-water, and with this paile forming 
the letters ; when tliey are dry, they are rubbed with a piece 
of folid gold, as in polifliing, and the letters will appear as 
if gilt with burnilhecl gold. The letters are formed with an 
enuioffed figure, either of the feparate letters, or of whole 
words, cut in fteel ; and each letter of thefe flamps, when 
they are ufed, is anointed evenly with a feather dipped in 
oil. Then fill thefe concave letters with the above pafte, and 
flrike the (lamps in a perpendicular diredlion on the paper or 
vellum, laid over fome flieets of paper. 

When the embofled letters are formed with leaf gold, the 
following, or a fimilar compofition mull be ufed. Thicken 
beaten wfiites of eggs with as much vermilion as is neceflary 
to give them the confiftence of pafte; ufe the (lamps as be- 
fore ; and w'hen the letters are dry, moilleii them by a fmall 
pencil with ftrong gum-water: and when this is almoft dry, 
cover the letters with leaf gold, prefling it clofc to every 
part of them with cotton or Toft leather; after the gilding is 
dry, polilh it with proper burnifliers. Com. Phil. Tecnn. 
p. 64 and Handmaid to the Arts, p 450, 5 cc. 

Gilding of Uve-ffit as craw-filli, carps, 5 :c. may be per- 
formed without injuring the filh, by means of a cement; 
w'hich Mr. Hooke, in his pufthumous papers, diredls to be 
prepared in the following manner: Put fome Burgundy pitch 
into a new earthen pot, and warm the vefld till it receives 
fo much of the pitch as will flick round it ; then ftrew fome 
finely powdered amber over the pitch when growing cold ; 
add a mixture of three pounds of linfecd oil, and one of oil 
of turpentine : cover the vefiel, and boil the contained in- 
gredients over a gentle fire ; grind the mixture as it is want- 
ed, with fo much pumice-ftune in fine powder as will reduce 
it to the confiftence of paint. When the fifli lias been wiped 
dry, this mixture is fproad upon it, and the gold leaf laid 
over it, and g( ntly prelfcd dow'n ; after which, the filh may 
be immediately put into w'ater, and the cement will harden, 
and be in no danger of falling off. 

Gilding on leather. See Lacquejiing. 

Gilding of metals may be done by cleaning the furface 
of the metal, and applying gold leaves to it, w'hich, by 
means of rubbing with a polilned blood-ftone, and a certain 
degree of heat, are made to adhere perfectly well. In this 
niuiiner filver leaf is fixed and burniflied upon brafs, in mak- 
ing French plate ; and fometimes alfo gold leaf is burniflied 
upon copper and upon iron. For this purpofe, the metal, 
being previoufly poliflied and quite clean, is neated to about 
the temperature of melted lead, and covered with a double 
layer of gold leaf ; then a blood-ftoiic burnilher, applied 
gently at firft, and gradually increafing the preffure, will 
caufe the furfaccs of gold ana copper to touch each other in 
almoft every point, and then adhere with a force proportion- 
ed to the complctenefs of the conta£l. The firft m'er being 
thus burniflied, a fecond is made to adhere in the fame man- 
ner, and fometimes a third, if the gilding is intended to be 
very folid. This method of gilding is tedious, and is fubje£l 
to the almoft impoflibility of ufing a fuflicient preflure With- 
out injuring the evcnnois of the gilded furface. In cafet 
where thefe objc^lions do not apply, there cannot be a more 
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cffeftual mode of gilding, as fee perceive in the manufa£^ure 
of gilt filvcr and copper wire. The bar, before it is commit- 
ted to the wire-drawer, is plated with gold, by having fevcral 
leaves of gold fuccelfively burniflied down ujron it, and be- 
ing then fubjcAed to the ftrong compreffion that ukes place 
in wire-di-awing, the gold and the other metal become fo 
perfeAly united, as to form, in a manner, one fubftancc. See 
Gold IVire, 

Some metals, and particularlv filvcr, may be gilt in the 
following manner : dip pieces of linen in the folution of gold 
by aqua regia, and then burn them to alhes ; rub thefc aftiet 
on the furiace of the filver, well clcanfed from any uii&uous 
matter, with a wet linen rag, dipped in fait w^ater, and the 
particles of gold contained in them will thus be applied to 
the filver, and adhere to it, without the application of heat, 
or intervention of any other body. Burnilh the filver with 
a blood-ilone, till it acquii*es the colour of gold. Moll gilt 
ornaments on fans, fnull'-boxes, and other toys of much Ihew 
and little value, are nothing but filver gilt in this manner. 
Beckmann (Hitt, of Inventions, vol. ij fuggefts, that this 
method of gilding, fometimes oalled dry, and lumetimes cold 
gilding, is a German invention ; and that foreigners, at Icatt 
uie Englilh, were lirft made acquainted with it about the end 
of the 1 7th century ; for Robert Southwell describes it in the 
Phil. Tranf. for 1608, and fays, that it was known to very 
few goldfmiths in Germany. See Gilding of Metalt by 
the nre. 

Gilding on paper^ parchment^ and vellum. There are va- 
rious methods ui'ed for tliis purpofe, according to the feveral 
ends which the gilding is defigned to anfwer. But for the 
moll part, fixe, properly fo csfied, and gum-water, are ufed 
as the cements, and the powders are more generally employ- 
ed than the leaf gold. See tlie three firll articles in Gild- 
ing. 

The gilding proper to be ufed with water-colours may be 
either with tne leaf-gold or powder ; the leaf-gold may be 
laid on the defigned ground by means either of gum-water, 
CT ifinglafs fixe ; oblerving, that the gum-water or fiac be 
of the weaker kind, and laid fparingly on the ground, and 
that proper time be allowed for it to be dry j and tneh the gold 
is applied to it, as in the articles above recited } and it may 
be polilhed, if neceflary, by the dog’s tooth, or other kind 
of bumilhcr. In gilding larger furfaces, it w'ill be found 
iifeful to colour the ground with the gall-ftone ; and when 
colours are to be laid on the gilding, the gall of any beall 
brulhed over the gold will adapt it for receiving the colours. 
When the gold powders are ufed along with paintings in 
water-colours, they are previoufly formed into {hdOI*gold. 
The gilding proper for the coloured paper ufed in binding 
books, and for other fuch purpofes, is performed much in 
the fome manner ; only that the gum-water and fixe may be 
much ftrongcr, and that they are generally conveyed to tha 
ground by means of a wooden plate or print, or bjr an en- 
graved roller, which make an imprefiioii of the intended 
figure or defign. In this kind of gilding, the japanner’s gold- 
lize may be alfo commodioully employed ; and this fliould 
be always ufed when the embolTed appearance is wanted in 
.the greatett degree ; and for this purpofc it fiiould be thick- 
ened with yellow ochre, mixed with as much red-lead as the 
proper working of the print will admit. Inttead of the ge- 
nuine leaf-gold, or gold powder, the German powder> form- 
ed of the fcaves called Dutch gold, is commonly ufed in tWs 
kind of gilding. The edges of books or paper arc gilt in 
the manner direfted under the article DOOH-binding and 
Gilding of books. 

Gilding on Thread and Wirt* See GoitUdbread^ and 
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Gilding on Wood, See the three firll articles in Gild- 
ing. 

Gilding on Melds by the Fire, There are two ways of 
gilding by fire ; viz, that with liquid gold^ and that with 
kaf gold. For the latter, fee Gilding of Metals^ fupra. 

Tnc former, technically called “ water-gilding,*' is per- 
formed with gold amalgamated with mercury, in the pro- 
portion of about fix or eight parts of mercury to one of 
gold. 

In order to this operation, they heat fome pure ^uickfiL- 
ver in a clean crucible, and, when it is nearly boiling, put 
about a fixth of its weight of fine gold in thin plates heated 
red-hot, and ilir them gently about, till the gold be found 
melted and incorporated into a mafs with the mercury. It 
is then allowed to cool ; and when cold, it is to be put in a 
piece of foft leather \ and by gradual preffure, the fluid part 
of the amalgam, confitting almoft wholly of mercury, may 
be forced through the pores of the leather, while the gold, 
combined witJi about twice its weight of mercury, wm re- 
main behind, forming a yellowifh iilvery mafs, of the con- 
fiftence of foft butter. This, after having been bruifed in a 
mortar, or lhaken in a ttrong phial with repeated portions of 
fait and water, till the water ceafes to be louled by it, is fit 
for ufe, and may be kept for any length of time, without in- 
jury, in a corked phial. It is of indifpenfible importance 
that the materials of this amalgam Ihould be pcrfe^ly pure ; 
and therefore, the mercury employed in the preparation of it 
(hould be procured from the diftiUation of the r^ precipitate 
(nitrous red oxyd of mercury), either alone, or mixed with 
a little charcoal powder. 

When filver is the metal to be gilt, it is prepared for the 
operation by foaking it in warm (Slute muriatic acid, fo that 
the furfate may be rendered perfeftly clean 5 it is next waft- 
ed in clean water, which ftould be two or three times chang- 
ed, in order to free it from the whole of the acid ; and being 
afterwards dried, and made moderately warm, a little gulo- 
amalgam, alfo warm, is to be evenly Ipread upon the mver, 
to which it will immediately adhere. In applying the amal- 
gam, the operator ufes a little knife, or a bruih made of 
brafs wire, for the purpofe \ and giving the work a gentle 
heat before the fire, he dabs or fpreads the amalgam with the 
bruft fartJier and more evenly upon it. 

Thus far advanced, the metal is fet over the fire, upon t 
grate, or in a fort of cage, under which is a pan of char- 
coal, yielding a heat juft fuificient for evaporating the mer- 
cury ; by which means the mercury is railed in nmies, and 
leaves the gold alone adhering to tlic work ; in propor- 
tion as the mercur)', evaporating and flying off, difcovcrs 
places where gold is wanting, they take care to i^ujpply 
them, by adding new pieces of amalgam with the knife or 
bruft. 

If a thicker gilding be required than can refult from fo 
much of the amalgam as is applied at once, the metal, after 
the firtt quantity has left its gold fixed on the furface, has 
more of the amalgam fpread upon it. After the evapora- 
tion of the mercury from this, another quantity may be ?ip- 
plied in the fame manner. When the mercury is evaporated* 
fo tliat the furface becomes uniformly of a pale yellow colour, 
the metal is made to undergo other operations, by which its 
colour and luilrc are heightened. For this puipofe, it is firft 
rubbed with a fcratch bruft, conipofed of fine brafs wire, till 
its furface is made clean and fmooth, but the pale yellow 
colour ftill remains ; then it is covered over witn a compo- 
fition called gilding wax, and again expofed to the fire till 
the wax be burnt off ; and this application is repeated till the 
gold appears of a proper colour. This gilding wax is com- 
pofed of Wb* mixed with the fouowiog fubitanccs ; 



66 

vlt, red oclire, rerdipi®, giwn vitriol, or alum. Thus the 
colour of the gilding is heightened by a perfeft diilipation of 
fome mercury remaining after the iormer operation. The 
gilt furfacc is then covered over with a faline compofition, 
conlifting of equal quantities of nitre, fal ammoniac, green 
vitriol, and verdigris, finely powdered, and mixed up into a 
pafte with water or urine ; or, this is ufed inftead of the gilding 
wax. The piece of metal thus covered is heated till the mix- 
ture fmokes, and quenched in water or urine. This efFeA 
feems to be produced by the acid of nitre, which is difen- 
pged by the vitriolic acid of the alum, or other vitriolic 
fait, during the expofure to heat, ading upon any particles 
of copper which may happen to lie on the gilded furfacc. 
If the colour of the gilding be not fufficiently heightened 
by the firft application, a fncceeding ^ne will complete the 
dcfired effed. Some artifts think they give an additional 
luftre to their gilt work, by dipping it m a liquor prepared 
by boiling fome yellow materials, as fulphur, orpiment, or 
turmeric. The only advantage of this operation is, that 
a part of the yellow matter remains in fome of the hol- 
lows of the carved work, in which the gilding is apt to be 
more imperfed, and to which it gives a rich and folid ap- 
pearance. 

Copper, and the alloys formed by its combinations with 
*inc, are gilded much in the fame manner as filvcr ; but their 
affinity for mercury being confiderably left than that of fil- 
ver, it is not eafy to produce a complete adhefion of the 
amalgam of gold to the burniffied furfacc of thefc metals 
by the fame means, and with the fame evenneft as in the for- 
mer cafe. Advantage is here taken of the nitric acid for 
facilitating the adhefion of the copper and mercury in the 
following manner. The piece of copper, r. a button, is 
firft cleaned by fteeping it in acid and fubfeqiient waffiing, 
and it is then Durnimed in a lathe, or by other means : after 
this, it is dipped in a neutralized folution of nitrat of mer- 
cury, and in a few feconds, on account of the ftrong affinity 
of nitric acid for copper, the mercurial fait is decompofed. 
The copper takes the place of the mercury, and at the fame 
time the mercury is depofued in the metallic ftate, on the 
furface of the copper, covering it entirely, and ftrongly ad- 
hering to it. The gold amalgam is now applied, and the reft 
of, the procefs is the fame with that which has been already 
deferibed. Thus a given quantity of gold may be made to 
cover a larger furface than in any other way of gilding on 
metals ; five grains of gold completely gilding both the up- 
per and under furfaces of 144 copper buttons, each of them 
an inch in diameter. (Phil. Mag. ix. 20.) 

Iron cannot be gilt by amalgamation, utilcft it be previ- 
oufly coated with copper, by dipping it in a folution of blue 
vitriol, or rubbed with the vitriol itfelf a little moiftened. 
Iron may alfo receive a golden coat from a faturated folution 
of gold in aqua regia, mixed vnth fpirit of wine ; becaufe the 
iron, having a greater affinity for the acid, precipitates the 
gold from it. 

In thegilding of iron, or rather ftccl, by means of an amal- 
gam, peculiar difficulties occur. If rccourfe be had to the me- 
thod of fimplc burniftiing down, the heat requifite for this pur- 
pofe will, in many cafes, bring the temper of the fteel too low ; 
on luch occafions the modealready deferibed of gilding copper 
is fometimes praaifed : that ft, the parts of the fteel to be gild- 
ed are pencilled over with nitrat of mercury, by which they 
are covered with a flightly adhering coating of mercury ; 
thin the amalgam is applied, and the gilding finiffied in the 
ufud way. The objeaioni to this procefs are,Jirft, that a 
conlderable heat is required, though inferior to that requifite 
for burniffiing down ; and, fecondly, that even with all poffible 
care, the gilding is apt to be rough and to fcalc off. A very 
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confiderablc improvement on this method is to trace the figure 
of the lading on the fteel firft of all wth a bruffi charged 
with a ftrong folution of fulphated copper, in confequence 
of which a pretty thick plate of this metal is depofited on 
the fteel to which it maybe made to adhere with confiderable 
firmnefs by means of the burriilhcr j thus the gilding is, in 
part, performed upon the copper. 

A new method of gold gilding upon fteel has lately been 
publiftied (fee Phil. Mag. xi. p. 144), poftqffing many ad- 
vantages over the others, and capable of ultimatSy attaining 
a very high degree of perfection. This method depends upon 
the wellinown faft, that if fulphuric ether ahd nitro-muriat 
of gold are mixed together, the ether will, by degrees, fepa- 
ratc from the acid nearly the whole of the gold, and retain 
it for fome time in folution in nearly a metallic ftate. If 
ether, thus charged with gold, is fpread, by me^ns of a pen or 
fine brulh, on the furface of liighly poliffied fteel, the ether 
prefently evaporates, leaving the gold behind in clofc conta£i 
with the fteel, and the adhefion is conliderably improved by 
the fubfequent application of the bumiffier. The dcarneft, and 
cfpecially the rapid volatility of ether, are ohjeCiions of fome 
moment, but may be got over by ufing the beft oil of turpen- 
tine inftead of the ether, which has nearly the fame efficacy 
in dccompofing the nitro-muriat of gold, and is both cheaper, 
and not fo very quickly evaporable. 

On the fubjcC; of gilding by amalgamation. Dr. Lewis has 
the following remarks : “ There are two principal inconveni- 
encies in this bufineft ; one, that the workmen arc expofed to 
the fumes of the mercury, and generally, fooncr or later, have 
their health greatly impaired by them ; the other, the loft of 
the mercury ; for though part of it is faid to be detained in 
the cavities made in the chimnies for that purpofe, yet the 
greateft part of it is loft. I’rom fome trials I have made. 

It appeared that both thefe inconveniencies, particularly the 
firft and inoft confiderable one, might be in a good meafure 
avoided, by means of a furnace of a due conftruflion.’* 

If the communication of a furnace with its chimney, in- 
ftead of being over the fire, is made under the grate, the 
afti-pit door, or other apertures beneath the grate, clofed, 
and the mouth of the furnace left open, the current of air, 
which otherwife would have entered beneath, enters ijow at 
the top, and palling down through the grate to the chimney, 
carries with it completely both the vapour of the fuel, and 
the fumes df fucli matters as are placed upon it. The back 
part of the furnace (hould be railed a little higher above the 
fire than the fore -part, and an iron plate laid over it, that 
the air may enter only at the front, where the workman 
ftands, who will be thus effeAually fecured from the fumes, 
and from being incommoded by the heat, and at the fame time 
have full liberty of introducing, infpe^ling, and removing 
the work. 

If fuch afuraace is made of ftrong forged (not milled) 
iron pUte, it will be fufficiently durable. The upper end of 
the chimney may reach above a foot and a half higher than 
the level of the fire j over this is to be placed a larger tube, 
leaving an interval of an inch, or more, all round between it 
and the chimney, and reaching to the height of ten or twelve 
feet ; the higher the better. The external air, paffing up 
between the chimney and the outer pipe, prevents the latter 
from being much heated, fo that the mercuric fumes will 
condenfe againft its fides into running quickfilver, which fall* 
ing down to the bottom, is there catched in a hollow rim, 
formed by turning inwards a portion of the lower part, and 
conveyed by a pipe at one fide into 9, proper receiver. 

Another method is mentioned by authors of gilding upqii 
metals, and alfo upon earthen-ware and glafs; which is, to 
fufe gold with regulus of antimony, to pulverise t!^ maf^ 



GILDING 

nd fpread the ^wdcr upon the piece to be gilt ; afterwards 
to expofe It to luch a fire that the re^lus may be evaporated 
Vhile the gold remains fixed. But l)r. Lewis mentions the 
following inconveniencies to which this method is fubjeft : 
the powder does not adhere to the piece, and cannot be 
equally fpread ; part of the gold is diffipated along with the 
regiilus ; glafs is fiifible with the heat neceffary for the evapo- 
ration of regulus of antimony ; and copper is liable to be 
corroded by the regulus, and to have its furface rendered un- 
even. Lewises Com. Phil. Techn. p. 77, &c. p. 81. 88. 
and ic8. Macquer’s Di£t« Chem. Eng. edit. 1777 9 
Aikin's Dift. of Chemiflry, art. Gilding. 

XriLDiNG Cujbion, is formed by a few folds of flannel, or a 
quantity of tow or wool, fecured on a piece of wood of any 
•fize from eight to fourteen inches fquare by a light covering 
of leather, and faflened tight round the edges. The furface 
thould be perfeftly flat and even, and it is ufually furnifhed 
with a handle. See Cushion. 

Gilding Kntfe^ a flip of the hollow Spanilh cane, cut up 


67 

to a Imooth and (harp edge, with a good penknife : this cane 
knife cuts the gold leaf better than one of fteel, as it is apt 
to flick to this laft. This knife may in all refpe^ls be the 
fame as thofe ufed in painting, called pallet knives the 
blade of which may be four or fix inches lopg, and fomewhat 
more than half an inch in breadth, with a proportionable 
handle. 

Gilding Pallet, a flat piece of wood, about three inches 
long, and an inch broad, covered with a piece of fine woollen 
cloth. 

By breathing upon this pallet, to moiften the cloth a little, 
and then clapping it gently down upon the gold leaf, this 
may be raifed from the cuftiion, and conveyed to the work to 
be gilded. 

Gilding 77^, a tool made by faftening the long hairs of a 
fquirrel’s tail between two cards, and ufed for taking up the 
gold leaf after it is cut, and applying it to the artilc to be 
gilded. 

Gilding Wax. See Gilding of Metals. 




GiN| formed probably by corruption from en^tru^f in Artil- 
lery and Mechanics, is a machine for raifmg great weights, 
compofed of three long legs, two of which arc kept at a 
proper diftance by means of two iron or wooden bars fixed 
to one of the legs by means of a bolt at one end, and by 
the other end to the other leg with u bolt and key, lo that 
it may be put on or off at pleafurc. At three feel from 
the bottom is a roller moving in checks, that arc fafUned to 
thefe poles by two iron bands and two iron bolts. The 
three legs of this machine arc joined together with an ir-m 
bolt, about which they move ; to this bolt is fixed an iron 
half ring to hook on the windlafii, containing two brafa pul- 
lies. When the gin ftands upright, and its legs are at a 
proper diftance, one end of the cable is fixed to tin- dol- 

f ihins of a gun or mortar with another wiiidlafs, containing 
ikewife two brafs pullics, and the other paifes through the 
pullies and round the roller, which is turned round by 
means of handfpikes pafling ihroiigli the holes in the ends 
the roller : while a man holds the cable light, the gin 
is raifed to fuch a lieight as to admit a carriage being put 
under it. 

The gin is ufed in loading a timber-carriage with timber ; 
it confilts of an acute triangular frame, in the lower part of 
which is a roll or windlafs : at the apex is a fet of pullics 
and a hole to receive the top of a llrong pole, which is fet 
up oppofite the triangular fi-ame, wiiich by this means forms 
a fort of tripod (or triangle, as it is commonly called 
among workmen) ftanding acrofs a tree to bc'-raifed and 
loaded ; the ^in-rope is then reeved through a moveable 
block of pullies, faftened by a chain to the tree, through 


that in the top of the gin and round the roll 5 and then, by 
means of hand-fpikes or levers ufed to the roll, the tree is 
drawn up to a fufficient height for the timber-carriage to 
be paffed under it. Long trees are raifed at one end lirft, 
and two of the wheels of the timber carriage are paffed 
under them ; when the other ends are raifed in like manner, 
and the other two wheels (which are made to feparate for 
this purpofe) arc paffed under them, and then are joined 
to the other wheels by the long adjuftable pole with which 
the carriage is furnilhed. See 

An ereft axis or drum, turned by the force of horfes 
coals than the horfe-gins then in ufe, and he accordingly 
erefted for them a water-gin, the fupply for w^hich was 
raifed by the ftcam-cngincs employed at the pits. Since the 
above period, fmall lleam-engines, called wimfeys in many 
places, have been applied to the winding of coals, and other 
minerals, and have already fuperfeded all other modes of 
drawing at the large collieries j thefe feveral modes of 
drawing or winding we (hall deferibe particularly in the ar- 
ticle Windixo-£/j^iV. 

Gin, in Mining, horfe-gin, or coal-gin, is a macliinc ufed for 
drawing buckets or corves of earth or minerals up a minc- 
Ihaft or tunnel-pipe of a canal; itcenfiftsof a large vertical 
drum or barrel, on which a rope winds, which is conduced 
to pullics over the (haft \ and ufually as one bucket or corve 
deicends another afeends. See the preceding article and 
Mine Winding Engine, 

Gi}i -driver t is the man or boy who attends the gin-horfe 
and turns him, when a full bucket or corve has arrived at the 
top of the minc-ftiaft. 
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GINGINGi in Minings fteining or ftaining, fignifiei the 
lining of a mme-ftaft with ftones or bricks for its fupport. 
Shallow lhafts, wlierc the meafures are adapted to Hand, arc 
funk firll, and the lining of them with Rone, or ginging, is be- 
gun from the bottom and carried up at once to the top ; but 
in finking deep lhafts, after as great a depth is done at once 
as the nature of tlic meafures will permit, a further depth is 
lunk in the bottom, beginning firll withinfide the ginging, 
and continuing the (haft of that diminilhcd diameter for 
I a or i8 inches, according to the foundnefs of the mca- 
fures in that place, when it is gradually enlarged to the full 
lize as the finking proceeds, and funk fome yards lower, until 
upon reaching a wd of ftone, or as great a depth as is judged 
fafe, according to the nature of the linking, the gmgmg is oe- 
gun, and carried up to where the diminilhing of the (liaits 
begins ; when the lame is picked out to admit the fucceflive 
courfei of ftone or bricks, as high as is judged fafe, thw the 
removal of the remainder of the fupport for the firll ^nging 


is commenced, by cutting out a piece, wide enough to admit 
of one or two courfes of ftone or bricks, being built up like 
a pier, which is firmly keyed or underpinned to the ging- 
ing above by means of tile-lhcds or thin Hate if neccllary ; 
a fimilar piece is then cut out and underpinned on the oppofite 
tide of the (haft, a**d then another between each ot thefe, 
and fo on, until the ginging of the lower and upper part is en- 
tirely joined all round the lliafts. 

The (halt is then deepened withinfide the laft ginging, and 
funk, firll narrow and then of its proper width, as far as is 
judged fafe, w'hen a new ginging is begun, and carried up, 
and joined to that previoully finilhed, as above deferibed. 
Solid ilonc-beds or permanent rocks, which are met with in 
finking, are not ginged, but the (halt is funk through fuch 
rocks, of the fame diameter as the iniidc of the ginging, 
which Hands upon their top and is pinned up beneath them 
bottoms. 
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Gl-AksGOW, a very populous, liandfome, and regu- 
larly built city, in the county of JLanark, in Sei/tlaud ; fitu- 
ated on the.norlh bank of the river Clyde, which is naviga- 
ble for veffels of I oo tons and upwards. In ancient times, 
and during the prevalence of the Roman Catholic uligion, 
chieAy' diilitiguiilicd ai an archlcpifcopal fee, 
and w'as of courfe principally under the influence of the 
archbifliop and his inferior clergy. Their power feems in 
thofc days to have been civil as well as ccclefiaftical, for the 
charters of the moft ancient corporate bodies are held hy 
this tenure, the civil mariftrates being only noticed as of 
fubordinate rank and autnority, and Inc freedom fines, and 
other emoluments arcexprefsly appropriated to cccltTiaflical 
purpofes. The revenue of the diocefe of Glafgow, if it 
may be eflimated by the extent of lands fubjeft to the pay- 
ment of tythes, or (as they are culled in Scotland) teinds, 
mull have been very great ; for thofe burthens extended over 
aimed the whole of the counties of I..nnark, Renfrew, 
Dumbarton, Ayr, Dumfries, and Galloway, comprehend- 
ing the whole fouth-weft didri£l of Scotland, and perhaps -a 
moiety of the moft fertile land in the whole kingdom. Of 
this enormous revenue, fmee the rcfoi-mation a fm^l part, but 
now of great value, has been appropriated for the fupport 
of tlie univerfity of Glafgow, tome part for the payment of 
the parochial ftipends, and a great part has reverted to the 
freeholders or their dependants, and thefe are conftantly fluc- 
tuating as in other parts of the kingdom. The infurreAiona 
and civil wars, which devallated Scotland fubfequcntly tothef 
reformation, and previous to the revolution, having diveded 
Glafgow of all that attra£lion which it had acquired as thr? 
archiepifcopal and occafiohally as the royal refidence, it ap- 
pears to have been only remarkable as the occafional feene of 
thofe fanguinary and ferocious conteds for which the age was 
confpicttotts. It fell into the hands of the regeqt upon the 
defeat and flight of the unfortunate Mary Stewart at the battle 
of Langfide, two' miles Couth of the city. It was long 
afterwards battered and taken by Cromwcll^s army, and it 


was the refuge of the defeated party, after the battle of 
Bothwel bridge, fought between the regent (afterwards 
James II.) and the Covenants s. After the* revolu- 
tion it feems for many years to have been a place of little 
importance, poflefling neither a fuflicient degree of wealth 
or refinement to render it confpicuous for elegance or luxury, 
nor fuch fccurity or drength as to make it dcfirable or 
important as a njilitary poll. At the time of the Union 
with England, its whole population u as edunated at only 
14,000, a fadl dated in the houfe of commons by Mr^ 
fecrctary Dundas, (now lord Melville,) in one of the debater 
wlicii the Irifli Union was in contemplation. Subfequently 
to the Union, the rife of Glafgow in commercial importance, 
even under the fucccfiivc checks of the two civil wars- 
in 1715 and 1745, of the vadly greater commercial embar- 
radVnent, occafioned by the fufpenfion of its colonial trade 
during the American conteds, and all the fubfequent hof- 
tilities produced by the French revolution, has been perhaps 
uncquall'^d by any other place in the empire, or perJiaps iii» 
the world. Its population, under the aA of 1794, including 
its numerous fuburbs, was returned at 94,000, and from the 
concealment wdiich was pra^tiled from the idle fears of 
ignonint people, many of whom fooliflily imagined that 
cmjhs to be the precurfor of a military confermtion, that 
number is fuppofed to be at lead 30,000 fliort of the adlaal 
amount. 

Different hidories of Glafgow have been publidicd. OF 
thefe, one publiflied many years ago by Mr. M‘Urt‘, one of 
the city clerks, was much edeemed, but is now oonfidered as. 
obfolcte. Others liavc fubfequently boen written by Mr- 
Gibfon about 1774, and recgitly by Mr. Denholm, 
about 1796. 

1‘he limits of this article ncceflarily preclude the pof- 
fibility of entering much into dc^tail, nor would it be cither 
amufing or indructivc to the general reader. We ihall 
therefore infert what remains coucerning the prefent fiate of 
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tWs great commercial and manufacturing city under the 
following^ general heads. 

1 . Situation and general Jlate of the adjacent country,^ 
Glafgow 18 fituated on the north bank of the river Clydcy 
in N. lat. 55 ' 52^ and W. long, from the meridian of Green- 
wich 4^ 30‘. The extreme length from E. to W., in- 
cluding two fuburbs, is nearly two miles, and its breadth from 
the cathedral or high church to the river about one mile. 
The lower part of the city is nearly level, and the reft ia 
upon the (outhern declivity of a hill. Perhaps no city or 
town in Europe i«, upon the whole, more regularly planned ; 
f or all the principal ft reels are either parallel or at right 
angles to each other. The chief ftreets are better paved 
than thofc of Eondon, a«d generally wider ; all the front 
buildings are of fine free-ftonc, which is found in great abun- 
dance m the immediate neighbourhood. The granite, or 
nxihin Jioney for paving the carriage ways, is alfo very plen- 
tiful clofe by the town. The hoiifes are very large and 
lofty, being more generally upon the French plan, where 
every floor forms a feparate lodging, acceilible by a com- 
inon ftaircafe, than upon the En^^ifli, where one perfou oc- 
cupies the. whole premifes. The more wealthy inhabitants, 
however, have almoft univerfally adopted the Englifh tafte in 
building. In the old part of the town it is indeed much 
to be regretted that there are too few public ftreets, fo that 
an immenfe number of buildings are crowded together, many 
of which are acceifible only by narrow paflages, which are 
very ill calculated either for free circulation of air, admif- 
fion of light, or domcftic clcanlincfs. In the modern build- 
inga thcle inconveniences are avoided, and whatever incon- 
venience may remain, mu ft rather be attributed to the habits 
or negligence of the occupants, than to want of facilities on 
the part of the archite^Is. 

There are many verv fine public buildings in Glafgow', 
the moll prominent ot which wc fliall very briefly enu- 
merate. 

Churches , — The cathedral or high church is perhaps the 
fineft f^ecimen in Scotland of that fpecies of architedlure, 
generally denominated Gothic. It was founded in the 
year 1123, and confecraled in the prefence of king David I. 
in 1136. This building is more fimilar to that of litch- 
iield, than to any other of the Englifli cathedrals, but it does 
not appear to have ever been completely finillied, and cer- 
tainly until lately little care has been ufed for its preferva- 
tion. After the reformation it is faid to liave narrowly ef- 
eaped deftru6lion from the mifguided zeal of the people, 
%vho confounded the building itfelf with the religious or 
luperftitious ceremonies w’hich they had exploded. It 
now contains two churclies adapted to the Prelhyterian form 
€)f vvorlhip, and the choir is ufed as a place of interment. 
The burying vaults, or cemetery, were formerly occupied 
as another place of w^orlhip for the barony or country 
parifli of Glafgow ; but lately a new cliurch has been creeled 
for tins purpok at the oppofitc,cxtremity of the churdi-yard. 
The great Ipire is very lofty, and in fome degree refcmbles 
that of Sidi(bur)% The churcli was dedicated to iSt. Mun^, 
or Kentigern, wkofe burying-place in one of the v«ults is Itill 
(hewn. 

The remaining churches poflefs in gehcral little claim to 
architedural cncomlum’or defeription. They are ‘fix in num- 
licr, viz. the college, St. Aiiorew-’p, North Weft, Iron, 
Su Enoch^s, and St. George’s. 

St. Andrews’s church is a handfon^e modern building, of 
Corinthian architedure, and is very fimilar in appearance to 
the' church of St. Martin in the Fields, Weftmiidler. 

St. Enoch’s and St. George’s are alfo haiidfome modern 
buildings. Befides the eftablifhed or parochial churches, there 


are many diflenting chapels and meeting houflrs, fome of 
which are very handfome and commodious. 

Prtfon.- This is a large and very ftrong building, fituated 
in the centre of the city, adjoining to the Exchange. The 
lower part is occupied by the council-chambers, and rooms 
for the magiftrates and die city clerks ; the middle part of 
the building contains the clofe or l6ck-up rooms for thofc 
imprifoned upon criminal charges ; and the two up|>cr floors 
are allotted for the reception of civil debtors. The roofs 
are lofty, the apartments airy, and the building, upon the 
whole, commodious ; but it is in contemplation to a 
new prifon, with an enclofed fpace round it, where the pri- 
foners may have the benefit of frefli air and exercife, from 
which they are at prefent precluded. 

Bridewell , — ^This is a large building which ferves as t 
place of confinement, or penitentiary houfe, for perfons of 
depraved habits convi£led of petty offences. It is very well 
regulated, and every means of encouragement afforded for 
reclaiming the prifoners from their vices, and promating 
habits of indullry. Many, at the period of their confine- 
ment, have thus acquired and received confiderable fums, 
befides the expence of tlieir fubfiftence, which is deducted 
from their earnings. 

I'own Hofpital — for the reception of poor perfons unable 
to maintain themfelves. The cxpence of this eftabliihment 
is defrayed by a tax or affeffment on the inhabitants, and by 
the proceeds of the labour of thofe admitted, who are fiip- 
plied with work fuited to their refpeclive abilities. Tne 
inmates are aged and inflrm perfons and deftitute children: 
the latter are well educated, and when arrived at a proper 
age, the boys are apprenticed to trades and the girls lent to 
fervice. Tlie economy of the houfe is fuperintended weekly 
by gentlemen who aa in rotation. The whole is very well 
managed. 

Royal Infirmary — a very fine modern building, from as 
plan of Meffrs. Adams’. From 90 to 120 patients are gene- 
rally under cure, but the houfe contains accommodation for 
a much larger number when required. It is fupported by 
donations, legacies, and annual lubfcriptions ; tlw funds at 
prefent amount to 10,000/. or 12,000/., befides what has 
been annually expended; the annual difburfement is about 
1800/. or 2000/.: the diretlion is vefted in the lord pro- 
voil, the dean of guild, convenor of the trades, profeffbrs 
of medicine and anatomy, prefident of the faculty of phy- 
ficians, member for the city, and eighteen dire^lors, ten of 
whom are cleded by the contributors, and the others by 
various public bodies. The diredlors eledled by public 
bodies are, one by the council, one by the merchants, one 
by the trades, one by the univerfity, one by the rainiftera 
or Glafgow, and three by the faculty of phyficians and 
furgeons. . The medical aififtance is afforded gratuitouflj . 

Theatre Royal. — ^This-fuperb houfe was ere&ed a tew 
years ago by ^ voluntary fubfermtions, upon transferable 
fliares of 2^/. each. The total colt was upwards of 15,000/. 
part of which ftill remains as a debt upon the property, the 
whole annual rent being ap}}ropriated for its gradual liquir^ 
dation. Tke direftion of the property is in fixteen dire<Sors> 
four of whom go out animally, in rotation, but may be re- 
eled^ed. It is unqiieftionabl)'^ the largeft and moft magnifi- 
cent provincial theatre in Britain. The managers are merely 
Ivffees, and the leafc is always given for a^ihort period, fel- 
4om exceeding two or three years. 

Concert and ^emhh Thefe rooms are alfo very 

^l^iidid, aud, fike the tlieaire, were erefled by voluntary 
(ubreription, upon transferable (hares. 

Univetfity<-^-I£\vt buildings of the univerfity having been 
creded Ht various times, and in very different ftylcs, cannot 
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he appreciated by any precife fcalc of architeAural taile; 
but the whole has certainly an air of impofing grandeur, 
and is very well adapted in every refpec^ to the purpofet for 
which it is defigned. It confifls of four diltinft courts, 
wliich communicate with each other, and is acceflible from 
the high ftreet by three gate-ways. Behind is a very large 
garden laid out in grafs and (hrubbery, with very fine vrslks; 
It is divided into three parts, of which one is appropriated 
as a botanical garden, another is open as a place of exercife 
and recreation for the (Indents, and the third, in which the 
a^lronomioal obfervatory is (ituated, is genendly referved as 
a place of retirement, for the profeffors, or of amufement 
for their families and friends. 

Tlie univcrfity of Glafgow was founded in the year 1450, 
by William Turnbull, biihop of the dtocefe, and then con- 
fided of a chancellor, a dean of faculty, a principal, who 
was alfo profeflTor of theology, and three profeflbts of phi- 
lofophy. 

The profelfions and leftures arc now as follow: 

A lord chancellor ; an office now honorary, and held for life. 

JLord re 61 or; alfo honorary — elective annually. 

Dean of faculties; chofen by tlic profeffors or regents. 

Principal} by the crown — prefent incumbent. Rev. Dr. 

Taylor. 

Profeffions. 


Divinity, appointed by the univerfity. 


Church hiftory, 


m 

crown. 

Oriental languages, 



univerfity 

Natural philofophy, or phyfic, 


m 

do. 

Mathematics, 


m 

do. 

Moral philofophy, or ethics. 



do. 

Logic, 


m 

do. 

Greek, 


m 

do. 

Humanity, or Latin, 


m 

do. 

Civil law, 


m 

cn)wn. 

Medicine, 


m 

do. 

Anatomy and botany. 


m 

do. 

Fraftical adronomy. 



do. 

Leftures^ 




Materia medica. 



univerfity. 

Chemidry, 



do. 

Midwifery, 



do. 

Natural hidory. 



do. 

Elocution, 



do. 

Fainting and drawing, 



do. 


The funds for the fupport of the univerfity are in a very 
ilourifhiiig and profperous (late. Independently of the emolu- 
ments derived from the fludents, f^aries and commodious 
houfes are allotted to every profeffor, and thefe expences 
are defrayed from the funds at various times granted to the 
univerfity : of thefe, the funds or tythes of the parifh of 
Govan, form a very prominent part. The ftudents of the 
jive junior claffes, viz, natural philofophy, moral philofo- 
phy, logic, Greek and Latin, are diftinguifhed by wear- 
ing gowns of fcarlet freeze; the fludents of the fenior claffes 
have no particular diftin£lion of drefs. The refident mem- 
bers of the univerfity claim an exemption from all civil 
burthens and fervices, and generally from the hirifdidtion of 
the city niagiftracy, but acknowledge that of the fhenff of 
the county, and ot the fupreme courts of Scotland. 

The internal government of the univerfity is veiled in the 
principal ax^ profeffors, who, in their juridical capacity, 
affumc the title of regents. Tlieir fupreme court is a general 
affembly of the whole faculty, who, at a remote period, 
affomed the power even of capital punifhmenU The moft 
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fevere fentence, however, which has been palled for marry 
years is that of expulfion, and even this has been very 
rarely excrcifed. An inferior court it the ** Jurifdiflio 
ordinaria,** confiiling of at lead three regents, who deteN 
mine offences againd the general order and peace of the 
univerii^, and punifh by a pecuniary fine. Each profelfor 
alfo poffeires the power of levying imall fines in his own 
clafs for negligence, contumacy, or irregularity* 

The number of dudents in the univerfity was edimated 
at $00 thir^ years ago, and this number is now greatly 
increafed. The profcilort and dudents, when affemmed for 
the eledtion of a redor or any other general purpofe, are di» 
vided into four nations, according to the places of their re» 
fpedlive births, vix, 

G/e/iniii— comprehending the natives of Clydefdale, and 
the adjacent didri^ls of Scotland fouth of the Forth. 

Tratuforttam^ihe natives of Scotland, on the north of 
the Forth. 

Rothftanl — ^thc natives of the wed highlands of Scotland 
and of Ireland. 

Loudeniatu — thofe of the eadern didri£l8 of Scotland, of 
England, America, and the colonies. The votes of thefe 
nations are decided by a majority, and the majority of na- 
tions decides the queilion. In cafes of parity the decifion 
is in the regents. 

The univerfity of Glafgow has recently received a mod 
valuable acquifition, by the bec^d of the mnfeum of the 
late Dr. William Hunter, of London. For the reception 
of this valuable legacy, a very handfome building has been 
cre&ed, where it is now arranged. The mufeum confids of 
a valuable colleftion of paintings, chiefly original ; a very 
fine feledion of anatomical preparations ; a cabinet of me- 
dals, and a fine library. The medals are accounted of fuch 
value, that the tnidees of the Britifh mufeum are faid to 
have offered 2$, 000/. for them, befides furnifhing fuch du- 
plicates as they pofTeffed, and defraying the expence of an- 
apnlication to parliament for an aft, u> far to diflblve the 
teftatoris will. This liberal offer, however, was declined. 

The public libraij of the univerfity is alfo a colleftion of 
uncommon value. It confids of upwards of 6000 volumes,, 
and many very rare and valuable manuferipts. In the facul- 
ty hall are feme valuable paintings, particularly one of the 
♦♦Martyrdom of St. Catharine.” 

Among the celebrated literary charafters, which have be- 
longed to this feminary, the names of Dr. Cullen, Dr. Adam 
Smith, and the late profeffor Miller, are mod recently coii- 
fpicuous. 

There are many other public buildings in Glafgow, of 
which it will be ncceffary to confine ourlelves to very brief 
notices. 

The Trades-hall^\^ a fine modern building from a plan of 
Meffrs. Adams’. It is ufed for the general meetings of the 
fourteen incorporated trades, and is alfo occafionally occu- 
pied for concerts, balls, and other public amufements. 

Merchant* Hall — is an old building, remarkable for no- 
thing but the fpire, which is a very fine one. It is ufed by 
the body to which it belongs, in the fame manner as the 
Tradea-hall. 

PubRc Market *. — ^Tliefe are very commodious, and confid 
of fquare-paved courts, furrounded by the dalls where tht 
meat is expofed to fale. No cattle are flaughtercd here, and 
they are kept very clean and regidarly infpefted. 

Barrack *, are fituated in m large area walled round, 
and confid of three very large buildings, one of which is 
appropriated for officers, and two for non-commiffioned of-^ 
ficers and privates. Their complement is J072 men, but 
they will kdge, on emergency, 4 or 50Q more. 
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*rown~Noufe-^ fine old building adjoining to the prifon. 
Only one haul is retained by the body cAirporate. The re- 
mainder contains the Tontine hotel, which was enlarged by 
fubfcription upon lives. The coffee-room is, perhaps, the 
largeft and fineft in Europe. It is fupportcd by annual 
fubfcription, the fubfcribers amounting to upwards of looo, 
who pay one pound five (hillings each. 

Bridget . — ^Three of thefe are of ftone, and a fourth was 
a:^ual1y built in the year 1795, when the river rifing rapidly, 
in conlequence of excelfive rains, it was fwept away in one 
night when very nearly finifhed. The arches being very flat, 
and the extremities not fulficiently fecured, the accident wns 
attributed, by profelTional perfons, to the lateral prcfTure. 
Its place has fince been fupplied by a very handfome wooden 
bridge for foot paflengers. The two bridges higheft upon 
the river are plain, but very well built and payed. The 
lowed, or new bridge, is very finely executed, and isc.leeined 
one of the mod compleat fpecimens of this fpecies of archi- 
te^Iure in Britain. 

Water-works . — The city of Glafgow, until lately, was 
fupplied with water by pit-wells, and the water of thefe, 
although abundant in quantity, was of inferior quality both 
for waging and culinaiy' purpofes ; as, b. fides other impuri- 
ties, it holds in folution a conliderable portion uf marine acid, 
by which it is rendered hard and brackilh. To remedy this 
inconvenience a public company was formed, who, at the ex- 
pence of upwards of 60,000/., brought water filtered from 
the river into every part of the city and fuburbs by cad iron 
pipes, and from thefe pipes into evi ry houf •, upon re; eiving 
a Wderate annual payment from the pronri^'tor or leffee. 
The capital neceffary was raifed by transferable (bares of 
co/. each. The rapidity with which thofe (hares were bought 
induced others to form a feparate edablifhment, and to raife; 
water alfo from the river lor the fupply of the city. The 
firll fupply is drawn from the Clyde by two large dcam en- 
gines, into a refervoir about two miles to the eadward of 
the town. From tliis referwiir it is filtered into another, 
and from thence conveyed^ the pines to a third immediately 
contiguous to the town. The whole lower part may be fup- 
plied Irom this without further forcing, but to fupply the 
higher parts, a portion is again forced by another fmallcf en- 
gine to a cidern on a higher elevation, which commands 
every part above the former level. 

The wedern water-work company draw their fupply 
from the river, to cillcrns fituated on an eminence about 
one mile wed of the town, where it is filtered, and conveyed 
by pipes, without requiring to be furced a fecond time. 
The inhabitants are left to their own free choice from 
which company to take their fupply. 

River Clyde. ^The Clyde takes its rife about 60 miles to 

the fouth-cad of Glafgow, in the fame mountain which 
forms the fources of the Tweed and the Annan. Near the 
county town of Lanark, about 28 miles above Glaigow, it 
has three remarkable falls or cataraas, much vilited by 
ftrangers. From Lanark to Glafgow it palTes through a 
fine valley, richly wooded in many places, fertile and highly 
cultivated. From the new bridge of Glafgovv, where it 
becomes navigable, until it terminates in bt. Creorge s, or 
tlie Irilh channel, about 80 miles didant. About thirty 
years ago, Mr. Goldburn, an eminent engineer, was employed 
by the city of Glafgow to deepen tlie river, from the 
Broomilau or harbour, to the fea-port towns of 
Glafffow and Greenock, the former lituated 21, and the 
latter 24 mUes below the city. This he effeded in a very 
judicious, although gradual and economical manner. The 
beneficial effeds of his plan became foon apparent, Iwvc 
heeni every fucceffive year, improvingi and mud contioue 
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fo for many years to come. He began by conftruding, on 
cither bank, proieding dykes, or juries, into the river, at 
right angles, to the banks on either (ide, and placed at fmall 
didances from each other along the whole courfc of the 
navigation. Thefe jetties intercept much of the earth and 
gravel wafhed down by fuccelfive floods, and thus fupply 
the materials for uKimate contradion, without the expcncc 
of carriage. Befides this, a number of labourers are em- 
ployed every ftimmer feafon to drag the bottom of the 
river, and lodge the duff which is withdrawn from the 
bottom between the projeding jetties. By the confiant re- 
petition of this fimple procefs, a great part of tlie river is 
now coiitraded to lefs than one half of its original breadth, 
and has gained above four feet of additional depth. As the 
tonnage dues, the greater part of which is appropriated for 
this purpofe, now exceed ^ool. per annum^ thefe operations^ 
promife to be continued on a more extended fcalc than ever ; 
and it is probable that in a few years veffcls of large burthen 
may be brought up to the city. The larged hitherto brought 
up are about 130 tons, the depth of the channel being about 
nine feet at high water. The gentleman who now direds 
thefe improvements thinks, that in a few years this depth 
maybe increafed to 14 feet by the prefent plan. 

It was lately propofed to improve the harbour by the 
confirudion of wet docks ; but a difference of opinion hav* 
ing arifen refpeding the controul under which thefe improve- 
ments wore to be placed, the fcheme has been fufpended, 
but it is hoped not finally relinqui(hed. The tonnage dues 
are one (hilling per ton on mcrchandife, eight-pence on 
foreign produce, and four-pence on coals, brick, and other 
building materials. Manure, carried upon the river for the 
improvement of the adjacent country, is exempted from any 
tax. 

The countr)^ ftretching along the banks of the Clyde, for 
a number of miles, both above and below the city, is gene- 
rally fertile, and, in mod places, highly cultivated, and well 
cnciofed. Theparifh of Govan, fituated on the fouth bank 
of the river, is, perhaps, as highly improved as any didrid 
in Britain. Befides the naturm fertility of the foil, this may 
be accounted for by the plentiful fupply of coal, lime, and 
manure, which are fupplied at cheap rates by u’ater-car- 
riage. It mud alfo be greatly promoted by the circum- 
(lunce of there being many landt^d proprietors, uhofe eilates, 
although abundantly fufheient to maintain themfelves and 
families in comfort and affluence nnd{»r their perfonal fuper- 
intendcncc, are not fo Ivirge as to induce them to reliuquifh 
the profits and emoluments of cultivating their own property, 
which, of courfc, derives the united benefit of their perfonal 
(kill, indulLry, and capital, *bcfidea that emulation which a 
laudable fpirit of rivalry excites among them to furpafs 
each other. The higher lands, both to the north and foulh, 
are coniiderably inferior, both in foil and cultivation, to 
thofe in the valley. In every diredion round Glafgow, 
coal, lime, and iron -dune arc found in great plenty, and give 
great advantages to the agricultural ancf manufaduring 
claifes of the community. 

The fuburbs of Glafgow, which form the chief rcfidcnces 
of the operative tradefmen, are the follov^fing : 

Colton — a very populous village, imraeaiately adjoininff 
to the city on the louth-ead, and bordering on the Green ot 
Glafgow. This village contains upwards of 20,000 inha- 
bitants, with many manufadories, didilleries, &c. I'lie 
green ferves both for padure and for the purpofes of wa(h- 
uig and bleaching Tmre are a commodious waihiog-houfe, 
and fine walks for the recreation of the inhabitants. The 
dues of wafhing and padure form part of the city revenue. 
The green contains upwards of icc acres of ground. 
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Brldgctonttn — ^another fuburb adjoining to- the former, 
and fimilar in every refpe£k. 

Gorhalt^^ village on the oppofite bank of the Clyde, 
governed by a chief magi. 'Irate, appointed by the council of 
Glafgovv, and two refideiit baiUies. 

jdiulej^on, lirjwfijjsldy Finni^ony and Partich * — Thefe 
four vilf^fps lyc to tlie weft of 6lafgow, on the north bank 
of the Clyde ; they alfo are refidences for operative tradef- 
inen, and contain feveral extenfive maoufadories, vt%. three 
large cotton mills, an extenfive puntfield, and porter brewery, 
at /\nderfton ; a large and flouriftiing glau-work at fin- 
nufton, and the very large flour-mills belonging to the incor* 
jioration of bakers at Glafgow, at Partick, where are alfo 
the ruin? of an ancient caille, formerly belonging to the 
archbifhop. 

Municipal Government. of Glafgovo, 

This, as formerly remarked, in ancient times, was almoft 
excluftvely vefted in the archbifliop and chapter. Since the 
reformation, it underwent various clianges during the fuc- 
ceflive alterations of government in Scotland at large. The 
laft arrangement made by royal and parliamentary authority, 
was early in the i8lh century, under William and Mary. 
It has fince been modified by the authority of the Scottifli 
convention of royal boroughs, who exercife this power 
without difpute. As at pre&nt conftituted, the government 
of the city is vefted in the lord provoft, three merchants, 
and two trades baillies, the dean of guild, or prefident of 
the merchants, the convenor, or prefident of the trades, the 
city treafurer, and mafter of the public works, twelve 
counfellors from the merchants, and eleven from the 
incorporated trades, in all 33 counfellors. To this body 
the regulation of all the public bufinefs belongs ; the lord 
provoft being prefident, with the calling or deciding vote 
in cafes of parity. The courts of Juftice within the city 
are the following : 

1. The circuit court of judiciary, for the cognizance of 
criminal adlions, which is held twice a year at Glafgow, 
for the counties of Lanark, Renfrew, and Dumbarton, 
generally before two of the lords commiflioners, although 
anv one of their number is competent. This court alfo de- 
cides appeals in civil caufes from any of the inferior courts 
within the diftridl, 

2. The magillratcs or town court. This court is 
held under the authority of the magillratcs, aifilled by the 
town clerks as legal aiTeftors. The jurifdidlion of this court 
extends to any amount fubjeft to an appeal to the court 
of feftion. 

3. Th|? confcience court, for the dccifion of petty caufes 
under twenty fliillings, where the formality of an oath is 
difpenfed with, or any written pleading. 

4. The fitting magiftrate alfo decides daily trifling claims 
under five (hillings. The magpftrates alfo exercife a crimi- 
nal jurifdidion in petty crimes, and punifli by imprifonment, 
pillory, and fometimes public whipping and baniftunent 
from tlie city. 

5. The ftieriff court, for the under-ward of I^anarkfliire, 
is alfo held at Glafgow, before the (heriff fubftitute.' His 
jurifdidion is equal to that of the magiftrates, not only 
witlun the city, but the diftrift. The decifions of this 
court are fubjc6l by appeal to the (hcriiF depute and to the 
court of feifion. 

6. The juftice of peace court alfo decides civil caufes to 
a limited amount, and regulates difputes between mafters 
and fervants. The appeal from this court is to the quarter 
feiiion^ and finally to the court of feflions. 

7. The fmall ^bt court is held by two or more juftices, 
for the decifionof caufes under lo/. No profeflional law- 
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yer is heard liere, and the pleadings are verbal. They revicur 
their own decifions upon appeal, provided the fum aecerned 
for be lodged with tiU clerk of court. 

8 . The commiflary court is the remnant of the bifliop^g 
court. It decides for fums under 34 6 ,f. 8 / 4 , and alfo m 
cafes of defamation. Its jurifdiclioti extends over -all the 
ancient bifhopric. 

PoTice EJlahli/hment. — ^This eftablifliment was conftituted 
a few years ago under the authority of a fpecial aft of 
.parliament. The commiflioners named in the aft are, the 
lord provoft and baillies, and twenty-four commiflioners eleft- 
cd by twenty-four wards, into which number the city is 
divided. The qualification of a commiflioner, is the occu- 
pation of a dwelling houfe valued at 15/. or upwards of 
yearly rent; and of a voter* that of any houfe at io4 
or upwards. The bafinefs of this eftablifliment is the light- 
ing, cleaning, and guarding of the ftreets, and fiippreSion 
ot quarrels, riots, and other breaches of the public peace. 
For this purpofe a mafter, or intendant of police omcers, 
and watchmen are employed. A magiftrate fits every morn- 
ing at the police office to decide upon thofe who have been 
apprehended during the night. Where the charge isferious, 
he generally remits the cognizance of it to the town court, 
and punifties petty delinquencies by a fmall fine. The expence 
is defrayed by a tax on the valued rents of (hops, ware- 
houfes, and dwelling houfes, by fir.es levied in the courfe 
of the year by the fale of manure, from cleaning the 
ftreets, &c. The maximum of the tax is from 6 d* to 11. od, 
ler pound of valued rent, but much Icfs has been generally 
:ound fufficient. This inftitution has been always hitlierto 
condufted witJi the inoft vigilant attention to economy, and 
is very popular even among thofe of the citizens, who 
llrenuoufly oppofed its original adoption. 

Commerce and ManufaSiurec, — ^Tlic commercial importance 
of Glafgow only began to rife fubfequendy to the Union, 
and had attained no very important extent until the coloni- 
zation of North America opened a wide field for the ex- 
portation of Britilh commodities and the importation of 
American produce in return. Previous to the commence- 
ment of the American war in 1775, it had, however, en- 
gaged very extenfively in the tobacco trade, for it appears 
that of 9o,cx>o lihds. of tobacco imported into Britain in 
1772, 49,000 hhds. were brought into the Clyde alone, 
and, in 1775, the importation was 57,143 hhds. 

The operations oi the w'ar necefiarily put a ftop to this 
intcrcourle, to the great lofs of the merchants engaged iq 
it ; many of whom have never been able to recover their 
debts. Upon the rclloration of peace in 1783, the trade 
with America revived, and continued again in a flourilhing 
date, until again recently fufpended by the American non- 
intcrcourfe aft. In 1783, the regiilcred veflfels of the 
Clyde, w’ere 386, and their tonnage 22,896, and in 1803, 
the number cleared outwards and inw^ards was as follows. 

At Greenock inwards. 

Foreign trade 406 faips, 53,546 tons, 5183 men. 

Coaft and fiihing 730 veflcls, 35,532 3 H 7 

Outwards, 

Foreign trade 352 (hips, 50,366 tons, 3673 men. 

Coaft and fi(hing 1016 vcilels, 43,009 33^^ 

At port Glafgow inw^ards. 

Foreign trade 1 1 3 (hips, 1 8,722 tons, 108 1 

Coaft and fiihing 182 velirls, 7,226 551 

Outwards, 

Foreign trade 177 (hips, 25,137 tons, 169a 

Coaft and fiftiiiig Ii9vcli'el8, 7,202 424 


men. 


men* 


Total 


3^95 
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Ifrom this note fome Idea may be formed of the extent of The manufadure of the oxy-muriate of lime, in a dry 
the trade ; but many of thefc veflels having probably made form, for tlie purpofes of bleaching, See* is alfo almoft pecu- 
feveral voyages in tlic courfeof the vear, it is not to be in- liar to Glafgow. Its objc*(^ is to decreafe the cXpence of 
ferred that this number of veflels anually belongs or trades bleaching by the fubilitution of lime for potafn. This ar* 
to the Clyde. The articles of exportation are chiefly Bri- tide is made to great extent by Mr, Tennent the inventor. 


tifli manufactured goods, coals, fifh, Sec. and the imports 
European, American, and colonial produce. 


Iron liquor, for tlie ufe of printers, is made here by vari- 
ous perfons, and large alum works are eftabliflied in the 


The city of Glafgow had alfo a very conflderable com- neighbourliood. Manufactures of red and white lead are 
mercial intercourfe with the eaftern parts of the ifland, and alfo carried on. 


with the northern ftates of Eunepe, until this was fufpended ,, , 

by the events of the war. This intercourfe is carried on by Mtfcellaneous Remarks. 

means of the Forth end Clyde canal* whicli interfeCts Scot- It will appear that the city of Glafgow has undergone 

land, and forms a jundion between the eaftern and weftern three remarkable changes. Its firft ftate was the refidence 

fees, fome account of which has already been given under uf a great archiepifcopul fee, and confequently it v as for 


the article Canal. many ages entirely under clerical influence and controuL 

The manufactures of Glafgow had obtained no very great Its firft eminence as a commercial place arofe from its fa- 

4.1... A ; ^ 1.1. jr . r •*! *» A • I i 


extent previous to the comnieneemeut of the American war, vourable lituatioii for commerce with the American and Weft 
although they had been progreflively advancing during the Indian colonies, and through this trnflick it made rapid ad- 
whole courfe of the eighteenth century So far back as the vanccsin commercial importance during the whole courfe cf 
reign of Charles 11 . indeed, fome rAtempts had been made the eighteenth century. One branch o? this traflick bdngat 
to introduce the manufaCliirc of foap, refining of fugar, and leaft tor tlie prefent fiif ended, it now depends chiefly on the 
fome other branches, all of which proved abortive, and other, and upon its mauufaChires for fupport. From the 
were difcontiiiucd. The linen manufaClure was the moil ex- facilities of acquiring a good education, the inliabitants of 
tenfivc of the various attempts made, and the moft fiiccefsful Glafgow have generally added a conflderable tafte for lite- 
during the time that it lafted. It commenced about the rnry attainment even to their commercial habits, and this 
year and continued progreflively advancing until it ftyle prevails, perhaps, in a degree fuperior to any other com- 

was almoft entirely fuperfeded by the cotton towjirds the mercial place in P.. itain. The fyflem of education is, how- 
clofcof the century. The cotton maniifa^lurc, which is now ever, rapidly adapting itfelf to the modem purfuits of the 
unqtieftionably the ftaple trade of Glafgow', was profecuted inhabitants, and more pains are now taken to qualify the 
to very fmall extent until after the year 1784, but when once riling generation for eminence in the counting-lioufe than 
introduced it advanced w ith unprecedented rapidity. It is the cloltt. However deflrable a thorough knowledge of the 
impofllble to afccrtaiii with any preciflon its a^ual amount principles of commercial economy, anj the details of buil- 
citW in quantity or value at any given period for want of nefs may be in a commercial communitjr, it is ftill to be 
proper data. A computation in 1791 makes the number hoped, that all the benefits ariflng from intelledlual attain- 
of looms employed 1^,000, and the perfons who earned will not be d.emcd altogether nugatory, and confe- 

their fubfiftcnce by various parts of the proceffes of fpinning, quenily neglcfted. In every fltuatioii of life, they are fourccs 
weaving, bleaching, &c 135,000. It alfo elliimites the total of rational and innocent amnfement, and, in the viciflitudes to 
value of the goods made yearly at 1,500,00c/. The grounds which commercial enterprife is peculiarly e.xpofed, may often 
of this calculation are not ftated, and little reliance can be prove of real benefit and utility to the pofreffor. 
placed on it, for the value of cotton goods has fluctuated as The city of Glafgow returns a member to the Britifli 
remarkably as the quantity has extended. parliament, conjjnnCtly with the neighbouring burglis of 

Two manufactories of eartlien w'are are carried on in Ruthnglen, Renfrew, and Dumbarton. 


Glafgow’^, but neither of them cxtenfively. Indeed a much Glasgow', Portj fituated on tlie river Clyde, about 22 
greater quantity of Staffordfliire ware is ufed in the city it- miles below' the city, is a handfome fmall tow'n, and w'as 
lelf than of the produce of either. T\vo or tlirce rope projected by the magi Urates of Glafgow at the requelt of 
w orks are alfo carried on, but to no great extent. the merchants as a liarbour for thejr fliips and vefTels, It is 

The printing of calicoes and other goods is, ho\vever, a faid that the firft plan w as to improve the harbour of Dum- 
very cxtenfive branch of the manufacture of (Uafgmv and barton for this purpofe, but Dumbarton being a royal bo- 
lts vicinity. The moft extenfive of thefe works, are thofe rough, the coiiient of its magiftrates became necefliiry, and 
fituated upon the water of Devon, in Dumbarton fiiire, about that when made, it w as rejected by that body, w ho preferred 
18 miles diitant. The exteiifion cf the cotton trade lias alfo the full enjoyment of their chartered privileges to the idea 
greatly improved and enlarged the number of dye-works, of finking into tlie mere fea-port of Glafgow', however much 
and the manufactures of chemical preparations for the vari- their w'caltli, revenue, population, and general profperily 
ous proceifes of bleaching, dyeing, 'and printing. Thefe might be beiiefittcd by fuch an union. If this w'ere the 
works ai-e fituated in the vicinity of the city, chiefly on the cafe, it is one among the numberlefs inftanccs where comfort 
banks of the river. profperity have been facrificed to a mere empty title. 

Of the chemical w'orks carried on in Glafgow*, fome are The harbour of port Glafgoiy is good but (hallow. The 
peculiar to it. difadvantage of the bank, noticed in the article GkE£NOCK, 

The manufacture of Cudbear was introduced by Mr. is alfo much againll it as a haven. At port Glafgow there 
Mackintofti fo long ago as the year 1777. It is prepared is a cuttom-houfc, where the general culloms of the Clyde 
from r 9 ch-mobi and above 20CO gallons of human urine arc arc colleaed. There is here alio a fine graving, or dry dock, 
daily confuined in tlie procefs. The cudbear gives a dark built by the merchants of Glafgow long before that of 
reddifli colour, and is ufed in the dveing of leather, w*oollcn Greenock w as executed, and this circuHillance alone brought 
ftuffs, &c. The procefs is kept profoundly fecret. many fliios up to this port which now come no further than 

The difeharging of the Turkey red dye is alfo pecidiar Greenock. The fituation of port Glafgow is more olcafant 
to Glafgow. This procefs is particularly deferibed under than that of Greenock, the country more level, and better 
the article fi/* Colouka adapted for cultivation. In other refpeCU it is certainly 
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cT» calculated for the general purpofea of maritim traffick 
than its rival, and therefore there is little probability of its 
eatertCon, Indeed the (hipping belonging to Glafgow is 
certainly on the dccreafe, the toreign merchants finding it 
more for their advantage to freight or charter veflels for any 

n ofe than to build or buy veflels of their own, which 
confume or fink a confldrrablc portion of their capital, 
and may, from the many cafualties and fluftiiations to which 
commerce in this eventful age is expofed, prove rather bur- 
thens than advantages, while the mere fliip-owner, if de- 
prived of a freight or charter-party- at one port, may with 
greater facility leek it at another, than the perfon with whom 
Jrcight is only a fecondary and inferior confuleration. 

I^rt Glafgow is governed by magittrates, appointed by 
the council of Glafgow, and fome relident magillrates. Its 
exports and imports have been already given and compared 
with thofc of Greenock under the article Glasgow, which 
indeed furnifhes by far the greater part of the freight to and 
from both ports. 

There are no manufaftures here of any extent, excepting 
thofe which arc to be found at almoft all lea-port towns, 

(hip building and rope fpinning. Both of thefe arc carried 
on to a very confiderable extent. A work w'as creded fome 
cars ago for refining of fugar, and alfo a fmall cotton-mill, 
ut neither have ever been profecuted to any great ex- 
tent. 

A plan has been formed, and its execution is now begun, 
which in time may produce a great effed, bo‘!i on this town 
and Greenock. Thi:. plan has for its objeft tl •* formation of 
a more direft communication betw^een Glafgo\s inJ the weft 
fea, than the prefent clr uilous navigation of th-^ Clyde, by 
means of a navigable canal tu be carried from Giaigow to 
ArdrolTan, near Irvine, wlvc^ i. 'bout thirty mile.' Farther 
down the river than the prefe ■ i .^ "‘orta. lliis c:jral was 
projefted under the faiiftiou ant } " nage of the prefent 

carl of Eglintoun, ^lord Ai I'buj in at Britain,) a part 
of whofc eftales .be in that ncighLut i. d Its objeftsare 
two-fold. Firft, to facilitate ih* u;?* intercourfe of 
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Glafgow and Paifley with the New W jiioj by a more di- 
reft channel and better harbour. Secoi d, to improve the 
agricultural and internal ftate of R^mfrcwlhire, and the 
northern dillrift of Ayrfliire, by rifToidiug means for the 
dieap conveyance of coal, lime, manure, and oihor heavy ar- 
ticles by means of the cafial. Aidroflan is fituated not 
more than thirty miles from Glafgow, by the line of the 

E rojeded canal, and therefore the carriage of goods will not 
e more expenfive or tedious than by the Clyde, for the canal 
being free from the conftant interruptions ariiing from the 
operation of wind and tide upon the river, the lime of arri- 
val and departure may be depended upon at all ieafons and 
in all weathers. A confiderable fum has already been fub- 
feribed for the canal, and alfo for the harbour, and from 
the well-known energy and aftivity of his lordfliip’s general 
charader, there is no reafon to doubt that every exertion 
for its fpeedy completion will be ufed. 

It is natural to exped that every oppofition will be given 
by thofe whofe local iiiterells will fuffer by the fuccefs of 
this undertaking, and thefe comprehend many wealthy and 
powcrfid clalTes ; but whilft fome oppofe, others will nnd it 
their intereft to promote it, and the competition mult be ul- 
timately advantageous to the general body, however it may 
terminate as to thofe more immediately in terefted. 

The other part of the plan is the formation of an excel- 
knt and fecure harbour at Afdroflan, capable of receiving 
{hips of large burthen, and this alfo is begun. The fubferip- 
tions for the two undertakings are condu^d feparately. The 
CPaft hfirt it in fome places reckoned dangeroui during the 
prcTalenceof ftrong gales from the north-weft, when veffeb 
are making the land j but it is faid that the bay of Lamlafh, 
in Arran, will afford a fafe and eafy fiiclter within a few 
hours fail, when this may prove to be the.cafe. The furveys, 
plans, and eftimates for the canal and harbour of Ardrofl'an 
were made under the fiipcrintrndancc of Mr. Telford. It 
mull be perfi-aiy evident that this canal will in all events 
produce much benefit as it paffes thiough the moft populoua 
and floiiriflinig mami fart uriiig dillrift in Renfrewfhire. 
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GLASS, in the general acceptation of this term afnoDg 
Chemjpsy denotes any fubftance or mixture, earthy, falme^ or 
metanic, which is reduced by igneous fufion to the lhape 
of a hard, brittle, uniform mafs, which breaks with a COa« 
choidal frafturc, paffing into fplintery, and with a high de* 
gree of lutlre. Moll glafl'es of this kind are alfo tranfpa* 
rent. See Vitrification. 

Glass, Vitrumy in a more rcllriftcd fenfe, and as theterm 
is commonly ufed in the arts and manufaBuresy fignifies that 
tranfparent, folid, brittle, faftitious fubllance, produced by 
the vitrification of filiceous earth witli various lalts and XBettt* 
lic ox yds, which is applicable to innumerable purpofes of 
ornament and comfort, as well as of fcientific invelligitio* 
and refearch. 

As to the antiquity of the term glafsy Tacitus (Germ, 
c. 45.) and Pliny ( 1 . xxxvii. c. 3.) inform us, that amber 
was called among the ancient Gauls or Germans by the name 
of gle/um ox glejfum ; and from the fimilarity which glafs bore 
amber with r^pc 6 t to tranfparency and brightneis, it acquir* 
cd a name, which was, in all probability, originally the fame. 
The w’ord g/r/itm denoted, without dbiibt, a Ihining or tranf* 
parent fubftance, as g/fj^ exprefles at prefent in the German 
language to Ihine ; and our Ln^liih word to gM^n is derived 
from it, and has nearly the fame iignification. Ducange ^ faya 
that fomc critics were of opinion, that the word glr/um itfelf 
implied glafs rather than amber. The ancient Greeks, as it has 


been oblervcd, applied the fame term both to glafa 

and airibf-r. The herb with which the Britons painted their 
bodies had alfo the name of glajjumy perhaps from the fliix- 
ing appearance it might give to their 11^ ins, or pollil ly becaufe 
its allies might be ufed in the making of glafs. The Latins 
called the fame plant by the nr.mc of vitrum, the word they 
ufed to fignify glafs. (Caefar. Bell, Gall 1. v.) 

We find frequent mention of this plant in ancient writer^ 
particularly C®far, Vitruvius, Pliny, &c. who relate, that 
the ancient Britons painted or dyed their bodies with glaftiim, 
guadum, vitrum, &c. i, e. irith the blue colour procured from 
this plant. And hence, as fome have fuppofed, the faftitious 
matter we are fpeaking of, came to be called glafs, as haring 
alw^s fomewhat of this bluiihnefs in it. 

Merret (Not. in Ant. Neri dc Art. Vitrar.) gives us the 
following charafters or properties of glafs, by which It is diL 
tinguiflied frem all other bodies, viz. i. That it is an artificial 
concrete of fait and fand, or Hones. 2. Fulible by a ftrong 
fire. 3. When fnfed, tenacious and coherent. 4. It does 
not wafte or confume in tlie fire. 5. When melted, it cleaves 
to iron. 6. Dudile, when red-hot, and fafhionable into any 
form, but not malleable ; and capable of being blown into a 
hoUownefs, which no mineral is. (See Ductility of Ghfi.) 
7*. Franmble when thin, without annealing. 8. Friable 
when cold. 9. Always diaphanous, whether hot or cold, 
la Flexible and elaftic. 1 1. Diflbluble by cold and moi^ 
ture. 12 » Only capable of being graven, or cut with a 
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dlETnotid or other hard ftonet, and emery. 13* Receive* 
ariy colour or dye, both externally and internally. 1 4. Not 
diUolvable by aquaforti*, aqua-regia, or mercury. IC. Nei- 
ther acid juices, nor any other matter, extract either co- 
lour, talle, or any other quality, from it. 16. It admit* of 
polilhing. 1 7. Neither lofes of weight nor fubftance, by tlie 
bngeft and moll frequent ufe. 1 8. Give* fufion to other me- 
tals, and foftens tliem. 19. The moft pliable thing in the 
world, and that which bca rctams the falhion given it. 20. Not 
capable of being calcined. 21. An open glafs, filled with 
water in the fiinimer-lime, will gather drops of water on the 
oiitfidc ; jult fo far as the water on the infide reaches ; and a 
man’s breath blown upon it will manifclUy moiilen it. 
22. Little glafs balls, filled with water, mercury, and other 
liquor, and thrown into the fire, as alfo drops of green glafs 
broken, fly afunder, with a loud noife. 23. Neither wine, 
beer, nor any other liquor, will make it multy, nor change 
its colour, nor ruft it. 24. It may be cemented as Hones and 
metals. 25. A drinking-glafs, partly filled with water, 
and rubbed on the brim with a wet finger, yields mufical 
notes, higher or lower, as the glafs is more or lefs full ; and 
this makes the liquor friflt and leap. See Armonica. For the! 
ele£lrical properties of glafs, fee Elkctuic, &c. 

Glass, origin and hijlory of* De Neri will have glaf* as 
ancient as J(^b ; for that writer, chap xxviii. vcr. 17. fpeak- 
ing of wifdom, fays, « gold and glafs cannot equal it.’* 

This, we arc to obferve, is the reading of the Septiiagint, 
Vulgate Latin, St. Jerom, Pineda, 8 cc. for in the Englifli 
verfion, inilead of glafs, we read cryftal ; and the fame is 
done in the Chaldee, Arias Montanus, and the king of 
Spain’s edition. In other vcrfions, See, it is read fonr; in 
other* 6 fry/: in the Italian, Spanifh, French, High and Low 
Dutch, &c. diamond} mothers, carbuncle} and in the Tar- 
gum, . loolwg-gletfs, % , . 1 

• In cffeA, the original word is zcchuchithi ( HOO? ) 'vhich 
i« derived from the root zacaCf to purify^ cleaufe, Jhine^ he nohUci 
tran/pa^en! : and the fame word (Exod. xxx. 34.) is applied 
to trankincenfe ; and rendlired in the Septuagint pellucid, 
Hcncc the reiifon of fo many different renderings ; for the 
word fignifying heaultful and tran/Mrent^ in the general, the 
tranflators were at liberty to apply it to whatever was valu* 
able and tranfparent. 

Herodotus (1. iii.jis, according to Dr. Falconer (Man- 
cheftcr Memoirs, vol. ii. ), the mofl ancient writer ( B. C. 440) 
who ufed the word which is generally luiderftood to 

figtiify glafs. But he evidently does not mean artificial glafs, 
nor cryftal, but, mod probably, fomewhat of the talcky Vind, 
oi' lapis fpecularis, which might readily be framed in fuch a 
manner, as to form a convenient tranfparent cafe, fuch as the 
ancient hiflorian has deferibed* Arillophanc* (B. C. 4^) 
feems to be the next writer who mentions glafs : that poet, 
in bis comedy called the Clouds, fccne I. aft. 2. ufes the 
word hyalus^ , which is now ordinarily rendered glafs. 
He tliere introduces St rcpfiades teaching Socrates a new way 
to pay old debts, viz. “ by placing a fair tranfparent ftone, 
fold by the druggifls, from which the fire is ftruck, between 
the fun and the writing, and fo melting away the letters there- 
€>f.** This Hone Socrates calls vaXo.-, which the Scholiafl on 
Ariiloplianes derives from to rain^ from the likenefs it 
bears to ice, which is rain, or water congealed ; though, it 
mull be owned, the word uotXoc is ambiguous, and figniiies 
cr^al as well as glafi : and Gorraeus obferves, tliat the an- 
cients had a kind of yellow amber, tranfparent as glafs, 
called by fome v%\o * 

Ariflotlc (B.C. 340) has twy>roblem8 upon glafs : the 
firft, Why we fee through it ? The fecund, Why it is not 
saalleablc f If thefe prob&ms be Ariilotle's, whieh tlie learn* 
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ed doubt very much, this would properly be tlie earliefl. tef- 
timopy in favour of the antiquity of glafs. Theophraflus 

f B. C. 303 ) feems tb have been well acquainted with glafs ^ 
or he deferibes it as having been made of the fand of the 
river Belus, which was called i»e?u , to which he adds, that 
the commonefl kinds are made with copper. The celebrat- 
ed fphere of Archimedes IB. C. 209). if it be truly deferibed, 
is a remarkable inilauce of the perfcAion to which the art of 
making ghifs had been brought at that early period. 

Lucian mentions large drinking glafles ; and Plutarch, in 
his Sympofiacon, fays, that the lire of tamarifle wood is the 
fitted for making of glafs. 

Among the Latin writers, Lucretius is the firft that takes 
notice of glafs ; “ Niii reda foramina tranant, qualia funt 
vitri lib. vi. v. 3. Dr. Mcrret, however, adds, that glafs 
could not be unknown to the ancients, but that it mull need* 
be as ancient as pottery itfelf, or the art of making bricks ; 
for fcarcely can a kiln of bricks be burnt, or a batch of 
pottery-ware be made, but fome of the bricks and ware will 
beat lead fuperficially turned to glafs. 

Hence, Ferrant. Impefatus, ’lib. xxv. cap. 7. “ Glafs, 

like the common kind,» is found under ground, in places 
where great fires have been. Other glafles are found in round 
clods, like fire-done, fome brittle, others firm, &c. This 
foflil glafs is wrought by the Americans, and ufed indcad of 
iron. And no doubt but vitrifications were more common in 
the ancient bricks than they arc in ours ; as they tempered their 
earth two years together, and burnt them better. 

Virgil >B.C. 39) compares the clearnefs of the water of the 
Fncine lake to glafs. iEneid, v. 759. Horace (B. C. 36) is 
moreexprefs, and mentions glafs in terms that flu'w its clcar- 
nefs and brightnefs to have been brought to great pcrfcdlioru 
Carm. iii. Od. 2. Od. 13 In the time of Strabo, ( A. D. 27) 
tlic manufa£lure of glafs was undoubtedly well undrrftood, 
and had become a confiderahlc article. Seneca (A. D. 65) 
was not only well acquainted with glafs as a fubdance, but 
alfo undrrllood its luagnifyiiig powers whcii formed into a 
convex ftiape. Qilxft. Natur. lib. iii. vi. 

Pliny (A.D 77) relates the manner of the difeovery of 
glafs. It w^as firft made of fand, according to that author, 
(Nat. Hid. 1. xxxvi. c. 66, Sec,) found in the river Belus, 
a fmall river of Galilee, running from the foot of mount 
Carmel, out of the lake Cendcvia. The part of the ftiore 
where the fand was dug did not exceed 500 paces in extent, 
and had been ufed many ages before for the fafnc purpofe. 
The report of its diferrv'ery was, that a merchant ftiip, laden 
with nitre, or foflil alkali, being driven upon the coaft, and 
the crew going afliore for provifions, and drcfling their vic- 
tuals upon the fliore. made ufe of fornc piece* of foflil alkali 
to fupport their kettles. By thefe means a vitrification of 
tlie land beneath the fire ^vas produced, which afforded a 
hint for the manufacture-. In proccfs of time the calx 
of iron, in form of the magnetical done, came to be ufed 
along witli the foflil alkali, Som an idea »>f its not only con- 
taining iron, but glafs, in a liquid form. Clear pebbles, 
(hells, and foflil fand, were alfo in many peaces employed 
for the fame purjmfe. It is faid, that in India pieces of 
native cryllal were ufed for that purpofe; and on that 
account the Indian glafs was preferred to any other. 
Pliny adds, that light and dry woods were ufed for the melt- 
big of glafs ; to which they added copper from the iflandi 
of Cyprus, and the foflil alkali, e^ecially that which i* 
brought from the Eaft Indies. The funiaces arc kept 
byrauig without intemiiflion, that the copper may be 
melted with the glafs, and out of tliis compound njrt made 
mafles oi' a coarfe Macki/h cokmr. Thefe lumps or mafles are 
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again melted, and tinged of the colour required. Some of 
thefe pieces arc brought to the fliape required by blowing 
with the breath ; fome are ground on a lathe, and others 
arc emboffed in tlie fame manner as filver. Sidon was for- 
merly famous for thefe manufactures, as fpecula or looking- 
glafles were firft invented tlicre ; “ riquidcm cliam fpecida 
excogitaverat.^* Such is the ancient method of making 
glafs, deferibed by Pliny. In his time, it was made with fand 
found at the mouth of the river V ulturnus, upon the fhore, 
for fix miles between Cumae and the Lucrine bay. This 
fand was very fine, and was ground to powder with a ball or 
fpherc and a mill. It was then mixed with three parts of the 
foflll alkali, either by weight or meafure ; and being fufed, 
was conveyed in a liquid ftate into other furnaces, where 
it was formed into a mafs, called “ ammonitrum,** (or fand 
combined with the foflil alkali,) which mafs was melted, 
and became then pure glafs, and a mafs of white vitrified 
matter. The fame method of making it prevailed in Spain 
and Gaul. Glafs was likewife made to imitate the lapis 
Obfidianus, a fubftance found by a perfim of the name of 
Obfidius, in Egypt and Ethiopia. This fubftance was of a 
very black colour, yet obfeurely tranfparent, and often 
placed among fpecula in the walls of rooms, to rcfleCl the 
fhadow of ohjcAs. It was alfo ufed for the fame purpofe 
as gems (probably for engraving upon) and even for ftatues. 
Pliny mentions, that he faw lolid ftatues of the emperor 
Auguftus made of this material; and the fame emperor 
dedicated four elephants made of the fame fubftance in the 
temple of Concord. It feems to have been ufed from great 
antiquity ; but in the time of Pliny the artificial imitation of 
it by glafs was ufed in Read of tne native material ; and he 
intimates that the black colour was produced by feme 
colouring ingredient. The Romans had likewife ati opaque 
red kind of glafs, ufed for plates and dirties for the table, 
called “ hxrnatinon/* one of various colours, called 
myrrhinum,’* a w'hite, a clear red, a blue, and indeed inoft 
other colours. Pliny obferves, that no fubftance was more 
manageable in receiving colours, or being formed into (hape, 
than glafs. The pcrfedlly clear gluts, wdiich bore the 
greatell rcfemblancc to cryftal, was, however, inoft valued. 
Nero gave for two cups, with two handles to each, and of 
no extraordinary fize, 6000 feftertia, or nearly 50,000/* fter- 
ling. The inferior kinds were not uncommon, ai Pliny 
informs us, that the life of glafs cups had nearly fuper&ded 
thofe of gold and filver. We fliall here add, that Pliny knew 
the power of a hollow glafs globe, filled with water, 
in concentrating the rays of light, fo as to produce 
flame in any combullible fubftance upon which tlic focus 
fell ; and he alfo mentions, that fome furgeons in his time 
made of it as a caiiftic for ulcers (1. xxxvii. c. 2.)* 
He \vas likewife acquainted with the comparative hardnefs 
of gems and glafs, as he obferves, that the lapis Obfidianus 
would not fcratch the true gems; and he alfo mentions 
(I. xxxvii. c. 13.), the counterfeiting of the latter, in his 
time, as a very lucrative art, and brought to great perfec- 
tion. He alfo fays, that glafs might be cut or engraven 
upon by moans of diamonds, which art is evidenced by the 
antique gems fo frequently found. (See Gem.) jofephus, 
( 1 . ii. c. 10 ) mentions tne fand of the river Belus, in 
Galilee, as fit for making glafs. 

The firft time we hear or glafs made among the Romans 
was in the reign of Tiberius, when Pliny relates that an 
artift had iiis houfe dcmoliflied for making ^lafs malleable, 
or rather flexible ; though Petronius Arbiter, and fome 
others, affure us, that the emperor ordered the artift to 
be beheaded for hit invention. In the time of Martial, 
( A.D. 84) glafs was not only brought to great perfeftion, 
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and in common ufe for drinking velTcls, but was employed 
(as it feems) for bottles in which wine was kept, and like- 
wife for pots to hold flowers. (Epig. 1. 1 . ii. 22. 40. 1 . iv. 86.) 
Galen (A.D. 143) frequently mentions glafs in fcveral 
parts of his works, and feems to have been well acquainted 
with the method of making it. Apuleius (A.D. 161) 
mentions the manufadlure of glafs cups, in his time, as 
highly wrought and carved in various ways, and of great 
value. Alexander Aphrodifienfis (A.D. 214) a Greek 
writer, and a commentator on Ariftotle, has feveral re- 
marks on glafs refpe^ling both its brittlenefs, efpecially on 
change of temperature, and its tranfparency. 

The manufadlurers of glafs formed a company at Rome, 
and had a ftreet affigned them, m the firft region of the city, 
near the Porta Capena. A tax was laid upon them by 
Alexander Scveriis (A.D. 220) which fubfifted in the 
time of Aurelian, and probably long after. 

Mr. Nixon, in his obfervations on a plate of glafs found 
at Herculaneum, which was deftroyed A. D. 80, on which 
occafioii Pliny loft his life, offers feveral probable conjec- 
tures as to the ufes to which fuch plates might be applied. 

Such plates, he fuppofes, might ferve for Jpeculth or 
looking>glaflc8 ; for Pliny, in Ipeaking of Sidon, adds, 

fiquidem ctiam fpecula excogitaverat the rcflcClion of 
images from thefe ancient fpecula being cfFe£lcd by be- 
fmearing them behind, or tinging them through with fome 
dark colour, (Sec Miukor.) Another ufe in which they 
might be employed, was for adorning the walls of their 
apartments by way of wainfeot, to which Pliny is fuppofed 
to refer by his v/trea camera (lib. xxxvii. cap. 25. } 64.). 
Mr. Nixon farther conjed^ures, that thefe glafs plates might 
be ufed for windows, as well as the lamimc of lapis Ipc- 
cularis and phengites, which were improvements in luxury 
mentioned by Seneca, and introduced in his time, Ep. xc. 
However, there is no politive authority relating to the 
ufage of glafs windows earlier than the clofe of the third 
century : Manifeftius eft,’’ fays Ladlantius, mentem cfle, 
per oculos ea quje funt oppofita, tninfpiciat, quafi per 
feneftras luccnte vitro aut fpeculari lapidc obdudlas.*’ De 
Opificio Dei, cap. 5. See Phil. Tranf. vol. 1 . art. 8o. 
p. 601. vol. Hi. art. 23. p. 123, 

St. Jerome (A. D. 422) fpeaks of windows formed of 
glafs, melted and caft into thin plates, as being ufed ki his 
time. Paulus Silentiarius, a poet and hiftorian of the 6th 
century (about A.D. 534)» fpeaks of the brightnefs of the 
fun’s rays, palling through the eaftern windows of the 
church of St. Sophia, at Conftantinople, which windows 
were covered with glafs. Gregory of Tours (A. D. 571) 
laments the devaftations frequently committed on the win- 
dows of the churches by the ravages of war. Joliannes 
Philoponus, who lived about the year 630, or, as fome fay, 
a century earlier, not only fpeaks of glafs, but of the panes 
being faltened in with plalier, much in the fame way as at 
prefent. 

If the opinion of Pennant, fuggefted under the article 
Anguinum ovuwf be well founded, we have reafon to be- 
lieve, that, long before the conqueft of Britain by the 
Romans, the art of manufa< 5 turing glafs into fuch orna- 
ments as beads and amulets was known among the Druids ; 
and if the art was thus applied, it is not improbable to fup- 
pofe, that it was employed for . more important and ufehil 
purpofes, as in the manufacture of glafs veflels. Nor is it 
likely that the Britons derived this art from the Romans, 
who preferred filVer and gold to glafs for the compofition 
of their drinking veflels. Belides, the glafs that was com- 
monly ufed by the Romans was of ayi inferior quality, and 
appears from fome remains of it difeovered at their itatioua 
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wd houfes to liavt confiHed of a thick, fometimet white, but 
inoillj blue-green, metal. 

According to venerable Bede, artificers (killed in making 
lafs were brought over into England, in the year 674* 
7 abbot BencdBdl, who were employed in glazing the 
church and monaftery of Weremouth. According to 
others, they were firft brought over by Wilfrid, or Wig- 
frid, bifliop of Worcefter, about tlie fame time, or, as 
others think, at a later period, A. D 726. Till this tiine 
the art of making glafs, or at Icaft of applying it to this 
purpofe, was unknown in Britain : though glafs windows 
did not begin to be ufed before the year 1180: till this 
period they w^ere very fcarce in private houfes, and con- 
fidered as a kind of luxury, and as marks of great magni- 
ficence. Italy had them firft, next France, from whence 
they came into England. 

Leo Ollienfis (A. D. 760^ fpeaks of the windows in 
liis time being made with glafs-plates fixed in lead, and 
fallcned together with iron. Anaftafius, an hiftorian of 
Rome, who was librarian to the pope, mentions, that in 
rlie pontificate of Leo III. who Wame pope about the 
year 800, painted glafs in windows was in ufe. The fta- 
tutes of the church of Traguier, in Lower Britany, about 
the year 1256, fpcak of the windows of churches and cha- 
pels being ornamented with arms and military enfigns, 
painted upon the glafi in them. A charter of Richard II. 
of England, quoted by Rymer, (A. D. 1386), contains a 
paragraph in which is mentioned glafs, together with the 
manufacture of it for windows. 

Venice, for many years, excelled all Europe in the fine- 
iirfs of its glaflcs ; and in the thirteenth century, the Vene- 
tians were the only people w'ho had the fecret of making 
cryftal looking-glaffes, and which they performed by blow- 
ing, much in the fame manner as a confidcrable quantity of 
the common mirror-glafs is now manufaftured. The great 
glafs-works were at Muran, or Murano, a village near the city, 
which furniftied all Europe with the fineft and largcft glaffes. 

The glafs manufa£l:ure was firft begun in England in 1557 : 
the finer fort was made in the place called Criitched Friars, 
in London; the fine flint glafs, little inferior to that of 
Venice, was firft made in the Savoy-houfe, in the Strand, 
London. This manufacture appears to have been much 
jmproved in 1635, carried on with fea-coal or 

pit>coal, inftead of wood, and a monopoly was granted to 
iir Robert Manfell, w'ho was allowed to import the fine 
Venetian flint glafles for drinking, the art of making which 
was not brought to perfection before the reign of William 
III. But tlie firft glafs plates, for looking-glafles and 
coach windows, were made in 1673, at Lambeth, by the 
encouragement of the duke of Buckingham ; who, in 
1670, introduced the manufafture of fine glafs into England, 
by means of Venetian artifts, with amazing fuccefs. So 
that within a century paft, the French and Englifh have not 
only come up to, but even furpaffed, riic Venetians, and w^e 
are now no longer fupplied from abroad. 

The French made a confiderable improvement in the art 
of glafs, by the invention of a method to caft very' large 
plates, till then unknown, and fcarce pradlifed yet by any 
but themfflves'and the Englifti. That court applied itfelf 
with a laudable induftry to cultivate and improve the glafs 
manufadture. A company of glafs-men was eftablifhed by 
letters patent ; and it was provided by an arret, not only 
that the working in glafs (hould not derogate any thin'g 
from nobility, but even that none but nobles fhould be al- 
lowed to work therein. 

It was in the year 1665, under the miniftry of the great 
Colbert, that a company for ** blown-mirror-glafs’’ was 
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firft eftablifhed near Cherbourg, in Normandy, on the plan 
of the Venetian manufadture ; but the beautiful art of 
cafting glafs was invented in France about the year 1 688, 
by a perfon of the name of Abraham Thevart ; and a com- 
pany was foon eftabliflied for this branch of inanufadlurc, 
which was firft carried on at Paris, and foon after rcfiioved 
to St. Gobin, w'here it ftill exifts in full adtivity, and midi- 
minifhed reputation. An extenfive maniifa^ory of this 
kind was firft eftablifhed among us near Prefcot in Lan- 
caihire, about the year 1773, oy a refpc^able body of 
proprietors, who (vere incorporated by an adl of par- 
liament. ITiey ftruggled lor a confiderable time with 
difficulties ; but being nobly relieved and encouraged 
by government, they have fucceeded jn producing 
plates rivalling, if not furpafling in fije, quality, or bril- 
liancy, the moft celebrated cuntincntal manufadfures. This 
company furnifhes, at Albion Place, London, plates of va- 
rious dimenfions, from 12 to 144 inches in length, and from 
10 to 72 inches in breadth ; and atfo convex and concave 
mirrors, from 12 to 36 inches in diameter. 

Glass, Ingredientt of. The materials ufed in the composition 
are fome faline fubllarice and fume fort of filiceous earth. 

1. The firft ingredient we (hall fpecify is filex or iionc. 
The bed is that which will melt, and which is white and 
tranfparent. It is this that gives confiftence and firmnefs to 
the glafs. This is found principally in Italy, being a 
fort of llony fubftance called tarfo : the next is puocolif or 
cuogoldf a fort of pebbles found at the bottoms of rivers, 
and gathered for the Venetian manufadlui*e out of the river Po, 
whiA arc faid not to be inferior in whitenefs to alabafter. 

Indeed, nothing makes finer and clearer glafs than common 
flint, diftinguiflied for this ufe by its clear tranfparc.tit, 
black colour ; this, before it is ufed, muft be heated red- 
hot, and then immediately quenched in cold water, 'llic 
heat whitens it, and the water caiifes it to fplit in every di- 
re6lion, and facilitates the grinding of it. The charge of 
preparing this deters the ^afs-men from ufing it. The 
rounded fragments of quartz, found in the beds of rivers 
among mountains, are lomctiincs ufed in foreign countries, 
being firft heated and ground to powder. Indeed, the 
preparation neceflary for ftone, in general, is to calcine, 
powder, and fearce it. 

Ant Neri obferves, that all white tranfparent ftoncs, 
which will not burn to lime, are fit to make glafs ; and that, 
all ftoncs w'hich will ftrike fire with ttcel, are capable of 
being employed in making of glafs. But this latter rule. 
Dr. Mcrrct obferves, does not hold univerfally. Wliero 
proper ftone cannot be had, fand is ufed ; and it is now 
almoll the only kind of fnbftance employed in the Britifli 
man\ifa£lurcs of glafs. The beft for this purpofe is that 
which is white, fmall, and (Inning; examined by the micro- 
fcopc, it appears to be fmall fragments of rock cryllal. For 
green glals, that which is ota foft texture, and more 
gritty ; it i.s to be well wafiicd, which is all the preparation 
it needs. Our glafs-houfes are furiiilhed wdlh white fand 
for their cryftal glalTes from Lynn in Norfolk, and Maid ftone 
in Kent, and from the weftern extremity of the Ifle of 
Wight ; and with the coarfer, for green glafs, from Woolwich. 

2. The fecond ingredient in the manufa6lure of glafs in 
an alkali, which is either foda, or pot-a(h. It is always 
ufed at firft in the ftate of carhonat, though the carbonic 
acid flies off in the procefs. For the method of preparing 
each, fee Cakbonat. Thefe alkalies are ufed in diiFerciit 
degrees of purity according to the required quality of tlie 
glafs. The fineft fort ot glafs requires the beft pearl- 
aihes, purified by fulution and cvaporatioi), to dry- 
nefs ; but for inferior glaffes coarfer alkajics^ fudi as barilla, 
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■w ood-artie«, and kelp, are employed. The aflies of fern 
ivill alfo yield a fait, which will make excellent glafs t and, 
moreover, tlie aflies of the cods and ftaJka of beans, as alfo 
ihofc of coleworts, bramble bufli, millct-ftalka, ruflies, cy- 
perufes, and many other plants, may be iifed for the lite 
purpofe, and after the fame manner. 

There are other fluxes ufed for different kinds of glafs, 
and for various purpofes. I^ime, in the form of chalk, is 
employed in the manufaAiire of glafs ; but this muft he 
ufed onlv in fmall proportions; for an excefs would a6t 
powerfully on the fidcs of the glafs-pots, in confequence 
of the efcape of the carbonic acid from the chalk during 
the fufton, and, befides, it would render the glafs opaque and 
milky in cooling, however clear it might be when hot. It 
is known by experience, that to loo jiurts of filex and tlie 
requilite quantity of alkali, no more than about fix or feven 
parts of quick-lime, or chalk, can be added, without af- 
le£ling the clearnefs of the glafs. Borax is another very 
valdable flux ; but its high price re(lri(?\8 the ufe of it to 
the fined kinds of glafs, and to thofe wlucli are required to 
be free from fpecks and bubbles, A very fmall quantity 
of borax w'ill correct any deficiencv of llrength in the 
alkali. 

Of the oxyds of lead, litbarge and minium are found 
tp be of fingular ufe in the inanufatdurc of glafs. Jdtharge 
is a powerful flux, and imparts to glafs the valuable qualities of 
greater deiility and greater power of refraiflingtlieraysofliglit, 
and of bi'ariug fuddeii changes from heat to cold, without 
being fo liable to crack, and aUb greater tenacity when 
red-hot, fo that it is more ealily wrought. A confideruble 
quantity of this oxyd is contained in the liner glaffcs ; fuch 
as tlie I^oiulon flint glafs, and that which is ufed for the 
table, for luftivs, for artificial gems, and for moll optical 
purpofes. Glafs, however, that contains much lead, is 
extremely foft ; and liable to be itijured by hard bodies 
that come into coutu6t with it ; and it is alfo very fulible. 
It is alfo liable to be corroded by very acrid liquors, Be- 
fides, the ufe of lead renders it difficult fo to unite the filex 
and alkali, that a piece of glafs fliall be throtigliout of uni- 
form denlity. Another ingredient occafionally ufed in 
glafs is the black oxyd of maiiganefe, called “ glafs-foap,” 
from its ufe in clearing the glafs from any acciilentJil foul- 
iiefs of colour, and more efpecially from the grexm tinge, 
owing to the })rerence of iixxi. Schecle and Bergman irt their 
refpeclive Kli'ays,’' lm\e niullraled many curious clrcmn- 
ftances that attend the ufe of mungam fc in glafles, which 
are particularly detailed in Aikm's Dielionary. 'llie man- 
ganefe fhoiild be clu)fcii of a deep colour, and free from 
f[)ecks, of a metalline appearance, or a lighter call ; and 
it requires to be well calcined in a hot furnace, and then 
to undergo a thorough levigation. The effect of manganefc 
in dt‘{lroying the colours of glafs is accounted for by M. 
Montcimy, in his “ Traitc dcs Couleurs pour la Peinture 
en F.matl,’^ in the following manner; the manganefc de- 
ilroys the greei\, olive, and blue colours of glafs, by add- 
ing to them a purple tinge, and by tlie mixture producing 
ii blackidi bnuvn colour ; and as blaeknefs is eaufed merely 
by an sibforptiou ol the rays <it light, the blackifli tinge 
given lo the glafs by the mixture of colours, prevents the 
reflection of lo many rays, and thn«i renders the glafs lefs 
coloured than bcfoiv. But the black pmduced by this 
fubllance luggells anobvious reafon for iiliug it very fparlngly 
in thofe compoiitions of glafs, which arc requirixl to be 
very trail fparent, 

This purpW colour may be corr<*\fte(l by cliarcoiil, or in 
the glafs -huufe, by thru (ling u billet of w'ood down into the 
melted glafs, winch becomes charred by the intcufe heat, and 
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caufes the purple hue to vani/ti, with a flight cfferrefcencc 
of tlie glafs, and efcape of numerous fmall air-bubbles. Oft 
the other hand, if a fmall quantity of nitre is added to glafs 
containing inanganefe, the purple colour is reftoitd,* or, 
if prefent, the difcolouring effeifl of the charcoal is pre- 
vented, till the nitre becotnes alkalized by the heat, and 
mixes with the other ingredients of the crucible. For tlie ex^- 
planation of thefe phenomena, it is obferved, tliat the oxyd 
of mangaiiefe gives the purple colour only fo long as it re- 
mains in its higher ftate of oxygenatjon ; but when in con- 
tact witli charcoal, the latter partially deoxygenates it, car- 
bonic acid gas is formed, the caiife of the bubhles obferved 
on this occafion, and the colour is now loll. Nitre, on tlie 
other hand, is known to give out oxygen largely as foon as 
red-hot ; and hence the mangariefe immediately retakes from 
this, fource the oxygen of which the charcoal had deprived 
it, and refumes its colouring jxiwer. The otlier fubAuiicci 
which take away the colour from glafs, tingt?d red wfitli 
inanganefe, are all the falls with the oufis of iuinhuric acid, 
fuch as gypfum, fulphat of foda, See. and alfo fiilphur itfelf ; 
likewife the oxyds of tin and irtm, and of fume otlier metals. 
Neverthelefs thefe fubflances have this power only when in 
contadl with charcoal. The tinging power of inanganelc 
perfcdly dellroyed by the addition of arfeiiic in any form. 
Thus, a mixture of oxyd of cobalt and oxyd of mangaiiefe^ 
in the colouring (late, is of a dark puiqile ; but on the addi- 
tion of any arfenicit, or of white ai*fenic, the manganefc is 
miKle inactive, and the proper cobalt-blue alone appears^ 
Hence we perceive the necvffity, when the rod colour of 
inanganefe is wanted, to avoid any thing arfenical ; and nitre 
is alio generally added to keep the manganefe always at the 
proper (late for imparling its colour, llie oxyd of man- 
ganefe is a very powerful flax for all earthy mat tcfs; and 
this, as w ell as lead, gives a greft denfity to glafs. The 
w’liite oxyd of arfemc is another powerlul and cheap flux 
in the making of glafs ; but it fliould be ver^- maderatcly 
ufed; for it takes a longer time to mix intimately w'ith glafs, 
and to allow' it to be pcrfe^lly clear, than any other of the 
additions comimmly employed. For want of this the glafs 
has a milky hue, which increafes with age; and wdien tlie 
urfenic is in exci'fs, the ghifs becennes graduariy ft/ft, and 
is deeompofed. Bt'lides, glafs (»f tlris kind is uufafb to be 
ufed in the form of drinking vefl’els. 

Nitre is alfo ufed, in fm.dl quantities, in the rnauufa6hirr 
of glafs, -and is defigued to anlwin* |)»irlicular purptifes, fomc 
of which wv lia\e already fpeelfied. It not only ferves to 
dellroy the ilrong tinge of yellow which rs fiiund in glafs, 
prepared with lead as a finx; but in faFine glafs, ft is requi- 
iile, in a fmallcr propoitimi, to rcml'T it litflicieritly iranf- 
parent, as in the cafe of looking-glaffcs, and other kinds of 
plates. For an account of Mr. l)olIond‘s e.^icelleiit contri- 
vance for deflniying the colours in tlw object-glaffes' of tele- 
fcopes, See. fee AriKUUATiov. 

With regard to the fevtral fluxes above cnurntTatcd, wo 
may obferve, in general, tliat the moM* calx of Fcad, or 
other metallic earth, enters into the compofitioii of any 
glafs, fo much the more fnfible, foft, coloured^ an*! deiiie 
this glafs is, and reciprocally. 

The colours given to glafs by calces of lead are ftiade!! 
of yellow'; on the other hand, glaffes that contain only 
faline fluxes partake of the properties of fafts; tiu'y arc Icfn 
heavy, lefs denf , ) ’xler, whiter, more brilliant, and more 
brittle than th. ft. ter; and glaffes, containing both faline 
and metallic fluuo; . do alfo partake of the properties of both 
thefe fubllances. ‘ Glades too inline arc culily fufceptible of 
alteration by tlicaclion of air and water; cfpecially thofe in 
wliich alkalies prevail; and tl;cfe are alfo liable to be iniured 
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fty acids. 'Fliofe that contain too much borax and arfenic, 
though at firll they appear very beautiful, quickly tarni/h) 
and become opaque when expofed to air. By attending to 
thefe properties of different mixes, phlogilHc or faline, the 
artitt may know how to adjull tlie proportions of thefe to 
fand, or powdered flints, for the various kinds of glafs. 

, Gl-as.*^, proportion of in^[fre(IUnts in. Different kinds of 
glafs require different proportions ; nor have thefe been pre- 
cifel jr afeertained. We fhall here, and in fubfequent articles, 
ffatc feveral of the moft ufual and approved mixtures that 
have been propofed. Wlien fikx is melted with twice its 
weight, or more, of dry carbonated alkali, either polafli or 
foda, the rcfult is a very foft deliqiicfcent vitreous mafs, 
always more or lefs opaque, flrongly alkaline to the tafte, 
and which, on expofure to moill air, or more fpeedily in 
water, totally diffolves into a clear liquor, which is a folu- 
tion of filex in alkali. Wlicn the fame alkali is equal to the 
lUcx in weiglit, or docs not much exceed it, the glafs is now 
tranfparenl, but it is Hill foliihle in water. It is not till the 
alkali is diminifhed to about one-half of the weight of the 
iilex, that the glafs becomes perfedly hard and infiiluble in 
any correfive liquors, (the fluoric acid excepted,) and, in 
fliort, acquires the cliaradcrofa pcrfc<^ glafs. This propor- 
tion, llierefore, of two parts of fand to one of alkali, is 
ufually the dtiliim on which the dofes of the alkalies adually 
ufed are regulated. Thus, if common wood afhes (of whicn 
the alkaline part is reckoned at no more than lo per cent.) 
are employed, loolbs. of thefe would require no more tlian 
about 2olbs. of fand. If the bell Spanilh barilla, contain- 
ing from 4J to 50 per cent, of carbonate of foda, be ufed, 
an equal weight of land may be added; but if purified pcarl- 
alh be taken, it will melt down pcrfe6lly twice its own 
Wf iglit of fand. But glnffes compofed merely of pure alkali 
and fand, require a very ftrong lire for.their fufion, and are 
hard, barlli, and difilciut to break : they are therefore never 
jufed alone. As one half the weight of the fand is reckoned an 
abundant allowance of alkali, it follows of courfe that when 
litharge, arfcnic, borax, or any other fluxes are employed, the 
quantity of alkali will be proportionally dimii)i(hcd. 'Bhc fol- 
lowing proportions are extracted from Macquer’s Chemical 
Didionary. - If a gl«tfs be required that is denfe, fufible, 
and not faline, one part and a half of red lead or litharge 
may be mixed with one jiart of fand, and fufed together: 
if equal parts of liind and of calx of lead be employed, a 
glafs fomewhat lefs denfe and Iiarder will be produced : if a 
glafs be required of very little denfrty, only faline fluxesi 
mull be employed. A gkfs of tliis kind may be compofed 
of fix. parts of fidt of tartar, or of potafh, or of purified 
foda, mixed with eight parts of fand or of flints; or of four 
parts of any of the aDove-mentioned alkaKes, mixed with two 
parts of nitre or of borax, and eight parts of vitriftable earth. 
When a cryllal glafs is required, wliich fhall be of an inter- 
mediate quality betwixt the metallic and faline glaflcs, it 
may be made from a mixture of one part of the above men- 
tioned folts, one part of calx of kad, and two {jurts of fand 
or other vitrifiable earth. By varying the proportion of 
thefe ingredients, many different kinds of glaflbs may be 
produced, each of which may be good, if the quantity of 
each of the fluxes employed be proportionable to its vitri* 
fyi'ng power. 

Glas$, injtruments for mntfjdurmg„ Thefe are fubferv 
vlent to two different purpofes; viz. the levigation and mix*- 
ture of the ingredients, and the fufion or vitrification of 
them. To the foi-mer clafs belong horfe or hand'^mills, 
mortars and pcflks, flat ilones and mullars, and fearccs or 
ieves. The other fort of utenfils are furnkccs,. with the ' 
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proper iron work, pots for containing the cofnpolition when' 
put into the fire, and iron inftrurnents for^ifting the matter 
out of one into the other, in cafe of 'accidents; and for 
taking out fmall portions, in order to judge of the progrefs 
of the vitrification, and the qualities of the glafs, &c. See 
the following articles. See alfo GLASS-houfcf FuKMACii, 
and GLAss-y>c/j. 

Glas-s, fufton of When the ingredients are feleflcd and 
duly proportioned, they are firft calcined for a longer or 
fhorter time, before they are put into the glafs-pots. Thirt 
operation is called “ fritting,^’ and is performed either in 
fmall furnaces adjoining to the proper glafs-furnace, and 
heated by the fame fuel after its chief force has been fpent 
upon the glafs-pots, or clfe in fmall furnaces or ovens con- 
ftruded for this purpofe. The ufes of fritting are, to expel 
all moifture from the ingredients, by which the glafs-pots 
would be endangered ; to difeharge part of the carbonic 
acid from the alkalies and chalk and thus to moderate the 
fwelling in the glafs-pots, and efpccially lo caufe an adhe- 
fion, or commencement of chemical union, between the 
alkali and filex, and metallic oxyds. This operation flioiild 
be performed gradually, and carried to the point of femi- 
vitrification, in which the materials flrongly adhere, and 
begin to become pally, but are ftill opaque and not homo- 
geneous. This operation ferves alfo to deflroy any carbo- 
naceous matter. When the ingredients are fiifficieiitly 
fritted, tliey arc thrown with clean iron fhcvels through the 
fide-opening of the furnace into the glafs-pots, the fire 
having been previoufly raifed to its grcatell intcnlity, to 
prevent tlie furnace from being cliilled and to fave time. 
The pots are charged by two or three fuccelTive portions, 
the preceding one beiiig thorougbly melted down before 
another portion is thrown in. When filleu, the fide-opening. 
is clofcd up with wet clay, excepting a fmall hole for c.\- 
amining the work, which clofurc is pulled down when the 
glafs is well refined and about to be worked off.. As foon 
as the frit begins to feel the adion of the lire in ilie glafs- 
pots, which is immediately raifod to its greateft pitai, il 
links down into a foft pally llatc, incR*aling in tena- 
city till the fufion is complete. However, it is Hill 
opaque, ftom the rifing of a v/hitc ooroiis feum, known 
by the name of “ faridivcr,’' or “ glafs-gall.” This fub- 
flancc appears to be a coiifufed mafs, conlilling of all ihofe 
lalts contained in common alkalies, w'hich readily melt at 
fornewhat lefs than a glafs-mclting lieat, and are either 
naturally folubk in a confidcrable degree, or h.ave little, if 
any, affinity for filex, and not uniting in the compofition of 
glafs, but being lighter, rife to the top. Another hetero- 
geneous fubllance, called “ faudiver,^^ is fometimes found at 
Uie bottom of the pots. This is quite different from th^ 
other, and feems to conliil of a vitrified mafs of arfcnic and 
other impurities. But the feum, or proper “ glals-gall,'' 
is almoll entirely faline, Wlieu kded out and cooled, it 
iorras sv crumbly mafs, foinetunes white, at other times 
brown and fouled, and flrongly faline, but* not uniform in 
its compofition, being fometimes merely fait, often very bit- 
ter, probably as common fait or fulphat of potalh predomi- 
nates. It is fo volatile iiv a ilrong fire, that it is conflantly 
difperfiiig from the furfucc of Uie glafs in a denfe vapour, 
which is fvril thick and black, afterwards whiter, and which 
corrodes the top of the crucible in its paffage. With lonjf 
continued fufion it v\'ould entirely efcape in this llatc, if it 
were not icummed off with long ladles, and fold to metal 
refiners as a povircrful flux. Abundance of this glafs-gall 
is attended with one of the greatell inconveniences to the 
maker of glafs,. as it req.uireB a confiderabk contumance oif 
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flrong heat to dlfCpale the whole of it, or othcrwife the 
glafs would be full of bubbles, unfound, and having a 
cloudy gi*latiiiou8 appearance. It is obfened, that glafs 
from potalh is more likely to fuffcr from glafs-gall than the 
foda-glafs is, becaufe the potafb glaifes arc harder, and do 
not run fo thin as the other, and the glafs-gall from them 
docs not fo eafily diflipate in the hre. 

During this procefs famples for examination are drawn 
out of the pots with an iron rod ; and tlic glafs gradually 
becomes more and more flexible, denfc, and lefs brittle, and 
at lail the glafs-gall is entirely diflipated. Whilft the heat 
is continued, the glafs which was full of fpetks and bubbles 
is refined, and becomes beautifully clear, trail fparent, and 
colourlcfs j and this procefs, whicn goes on from the ceffa- 
tion of the vapour of the glafs-gall and its entire removal to 
the time when the glafs is altogether clear and free from 
bubbles, is called the refining.*’ After this the glafs 
is complete ; but being too thin for working, it is cooled, 
by flopping the draught of fire round the pot which con- 
tains it, and in cooling it thickens to a fit ilate for being 
wroi^ht. For glafs that is call into plates, lefs cooling is 
neceflary, as it is required to flow very thin and hot. On 
an average it takes about 48 hours for the fine flint glafles, 
from the time when the pots are firll filled till the glafs is 
ready for working, in which (late it is of a very full red 
colour, and pofTelles a Angular kind of confiilence and tena- 
city. It is jull foft enough to yield with cafe to any ex- 
ternal impreflion, even to the force of the breath urged 
pretty ftrongly in the centre of the glowing mafs, and may 
be bent and fliaped in every poflible way ; and fuch is its 
tenacity, that it extends uniformly without any cracks or 
filTures ; but when ftretched out to the utmofl, it forms a folid 
llring, the diameter of which is conllantly decreafing till 
it feparates from the mafs in a thin capillary thread. It 
lliffens as it cools, and becomes perfedtly brittle and alfo 
tranfparent. As melted glafs adheres very feebly to polifhed 
metal, it is very eafily wTought with bright iron to<Hs. 

GlaSiS, working or blowing round , — Every kind of glafs, 
plate-glafs excepted, is formed from a hollow globe tliat has 
been produced by blowing. For this purpofe the operator 
takes his blowing-iron, which is a hollow tube, about 
or five feet long, and dipping it in the melting-pot, tarns it 
about there till the metd adheres to the iron like fonie glu- 
tinous or clammy juice ; he then holds it near the groittid, fo 
that the mafs is extended by its own weight, and blows 
llrongly into the tube. Withliis breath thus penetrating into 
the centre of the red-hot mafs, he enlarges it into an umform 
hollow globe of the rcquifite thicknefs and bulk, keeping 
the force of his breath upon it for a few feconds till it ftiffens 
by cooling, and thus preventing its finking by the com- 
preffion of the denfer external air. This globe, adhering by a 
neck to the iron rod, is formed by the dexterity of the 
workman, and by a variety of ingenious manoeuvres into all 
the common utenfils. As a fpecimen of his art, wc may 
inllance a common tumbler. The hollow globe already 
mentioned is taken off the iron rod by the following fimpfe 
procefs : An aflillant dips the end of a Ihort folid iron rod 
into the glafs-pot, and, bringing out at its extremity fomc 
of the melted glafs, thrufts it immediately againft the hollow 
of the globe at the part diredlly oppofite to the neck, to 
which It firmly unites, and thus the globe is cemented by 
tbe melted glafs to the fecond rod. Tiie workman then wets 
a fmall piece of iron with his mouth, and lays it on the neck 
of the globe, which is extremely hot, and this, in a fecond 
or two, cracks it round ; fo that with a flight pull it comes 
off and detaches the hollow rod» leaving tne pobc open at 
^ neck, and transferred to the fecond rod at the oppofite 
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fide. The open globe is again foftened by holding it a few 
fcconds over the mouth of the glafs-pot, and is cut away 
from the open end to the form of a cup by iron (hears. The 
operator, when employed in falhioning the globe, ufually 
fits upon a kind of arm-chair, with its arms floping forwards 
and covered with a flat fmooth iron-plate ; and by laying 
the iron rod ftraight before him, refting on both the arms of 
his feat, and twirling it backwards and forwards, the hot 
glafs at the end is made to revolve like clay on a potter's 
lathe, and tlms is opened, widened, or comprefTed at plea- 
furc by any Ample iron infirument that is prefled againil.it. 
The globular cKp is thus extended eafily into a cylinder, or 
made into the (hape of a barrel, if this form be required, 
and is fmoothed up at the edges. In order to feparate it 
from the iron-rod, it is wetted as before at the point of at- 
tachment, and the tumbler drops off complete. This lail 
operation leaves that burr or roughnefs, with (harp frag- 
ments, which is feen at the bottom of all glars-vciTeis, 
iinlefs it be taken off by poli(hing. The next operation is 
that of cooling the veffel very gradually, called ** an- 
nealing.” See yfnnealing of Glass. 

Glass, different kinds of. The manufa£liired glafs now in 
ufe may be divided into three general kinds ; white tranf- 
parent glafs, coloured glafs, and common green or bottle- 

f lafs. Of the firft kind, there is a great variety ; as the 
int glafs, as it is called with us, and the German cryflal 
glafs, which are applied to the fame ufes ; the glafs for 
plates for mirrors or looking-glaffes ; the glafs for windows 
and other liglits ; and the glals for phials and fmall veffels. 
And thefe again differ in the fubflanccs employed as fluxes 
in forming them, as w^ell as in the coarfenefs or finenefs of 
fuch as are ufed for their body. The flint and cryflal, 
mirror, and bell window glafs, not only require fuch purity 
in their fluxes, as may render it pradlicable to free the glals 
perfedtly from all colour ; but for the fame rcafon likewife, 
either the white Lynn fand, calcined flints, or wdiite pebbles,* 
(hould be ufed. The others do not demand the fame nicety 
in the choice of the materials ; though the fecond kind of 
wnndow’ glafs, and the heft kind of phial, will not be fo 
clear as Uiey ought, if either too brown fand, or impure 
falts, be fullered to enter into their compofition. 

Of coloured glafs there is a great variety of forts, dif- 
fering in their colour, or other properties, according to the 
occaiions for which they are wanted. The differences in the 
ktter kind depend on the accidental preparation and manage- 
ment of the artifts by W’hom they are manufa&ured. 

Gi.ass, Crxftal Foreigners ufe this term for our 
flint glafs, and for making it they give the following direc- 
tions: Take of the whiteft tarfo, pounded fmall, and fearced 
as fine as flour, two hundred pounds ; of the fait of pol- 
verine, a hundred and thirty pounds ; mix them together, 
and put them into the furnace, called the calcar^ firfl heat- 
ing it. For an hour keep a moderate fire, and keep ilirring 
the materials with a proper rake, that they may incorporate 
and calcine together ; then increafe the fire for five hours } 
after which take out the matter ; which, being now fuffi- 
ciently calcined, is called frit. From the calcar put the frit 
in a dry place, and cover it up from the dull for three Or 
four months. 

Now, to make the glafs, or cryflal: Take of this cryflal 
frit, called alfo bottiio; fet it in pots in the furnace, adding 
to it a due quantity of manganefo : when the two are fufei^ 
caft tbe fluor foto fair water, to dear it of the fait, called 
fandiver; which would otherwife make the cry^ obfcui« 
and cloudy. This lotion muft be repeated agmn and again, 
as often as needful, till the cryflal be fully puiged ; or, this 
feum may lie taken off by means of proper kdes. fet 
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it to boil four, fire, or fix days ; which done, fee whether 
it have manganefe enough ; and if it be yet greenifii, add more 
manganefc, at diferetiou, by little and little at a time, taking 
care not to overdofe it, becaiife the manganefe inclines it to 
a black ifh hue. Then let the metal clarify, till it becomes 
of a clear and fhining colour ; which done, it is fit to be 
bif'wn, Of formed into veffels at pleafure. 

Gi. ms, as it is called in our country, is of the 

fame general kind with that which in other places is called 
cryfl.<d gkifs. It has this name from being originally made 
with calcined flints, l)«*fore the ufe of the white fand was 
uuih'rftood ; and roUiins the name thougli no flints are now 
uh’d in the compolition of it. This flint glafs differs from 
the other, in liaviiig lead for its flux, and white fand for its 
body ; whereas the flir'cs ufed for the cryflal glafs arc falts 
or arfenic, and the body conflfts of calcined flints, or white 
river pebbles, tarfo, or fuch Hones. This glafs, on account 
of the (juantity of lith:irg»', which enters into it.s compoli* 
tion, is the lieaviell, the moil brilliant, the foftell and moil 
calV to work, and alfo the moll expenlive. Tt is tint fine 
gldfs, of which the common and moll valuable articles of 
white glafs in domeflic or ornamental ufe are manufa6tured ; 
and hefides, many optical iiiflruments arc made of this fub- 
ftance. To the white fand and lead u proper proportion of 
nitre is added, for the purpofes fpecified in a former part 
of this general article, and alfo a fmall quantity of manga- 
nefe, and ill fonie works they ufe a proportionable quantity 
of arfenic to aid the fluxing ingredients. The moll perfe^l 
kind of flint glafs may l>e made by fufing with a very flrong 
fire a hundred and twenty pounds of the white fand, fifty 
pounds of red lead, forty pounds of the bell pcarl-afltes, 
twenty pounds of nitre, and five ounces of manganefe. 

From others we have the following compoiition for 
glafs of this kind, fald to be of the bell quality, viz 120 
jiarts of fine clear white fimd, 40 of pearl allies well puri- 
/led, 35 of lithnrge or minium, 13 of nitre, and a fmall 
quantity of black oxyd of manganefe. 

The following compofition for a fine cryftal glafs is given 
by Loyfel ; ico pounds of white fand, 80 to 85 of red 
tixyd ot lead, 35 to 40 of pcarl-afh, 2 to 3 of nitre, and one 
ounce of manganefe. The fpecific gravity of this glafs, and 
of the common l^ondon flint-glafs, is about 3.2. 

AnothtT compoiition of flint glafs, which is faid to come 
nearer to the kind now made, is the following : a hundred 
and twenty pounds of fand, fifty-four pounds of the befl 
pcarl-afhcs, triirty-fix pound.s of red lead, twelve pounds of 
nitre, and fix ounces of manganefe. To either of thefe a 
pound or two of arfenic may be added, to increafe the flux 
of the compofition. A cheaper compofition of flint glafs 
may be made with a hundred and twenty pounds of white 
fand, thirty-five pounds of the bell pearl-afiics, forty-pounds 
of red-lead, thirteen pounds of nitre, fix pounds of arfenic, 
and four ounces of manganefe ; or, inftead of tlie arfenic, 
may be fubilituted fifteen pounds of common fait; but this 
will be more brittle than the other. The clieapeil compofi- 
tion for the worft kind of flint-glafs, confifts of a hundred 
and twenty pounds of white fand, thirty pounds of red-lead, 
twenty pounds of the bell pearl-aflies, ten pounds of nitre, 
fifteen pounds of cownnon fiilt, and fix pounds of arfenic. 
The bell German cryflal glafi^ is made of a hundred and 
twenty pounds of calcined flints, or white fand, feventy 
pounds of the bell pearl-allies, ten pounds of falt-pctrc, half 
a pound of arfenic, and five ounces of manganefe. And a 
cheaper compofition is formed of a hundred and twenty 
pounds of calcined flints, or white fand, forty-fix pounds of 
pearl-alhes, feven pounds of nitrcj fix pounds of arfeniCf 
and five ounces of manganefe. 
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A glafs, much harder tlian any prepared in the common 
way, may be made by means of borax in the following 
method : take four ounces of borax, and an ounce of fine fand; 
reduce both to a fubtile powder, and melt them together 
in a large clofe crucible fet in a wind-furnace, keeping up 
a flrong fire for half an hour ; then take out the crucible, 
and when cold break it, and there will be found at the 
bottom a pure hard glafs, capable of cutting common glafs 
like a diamond. This experiment, duly varied, may lead 
to feveral ufcful improvements in the arts of glafs, enamels, and 
fa^itious gems, and fhews an expeditious method of making 
glafs, without any fixed alkali, which has. been generally 
thought an effential ingredient in glafs ; and it is not yet 
known whether calcined cn^ftal, or other fubftances, being 
added to this fait inflead of fand, it might not make a glafs 
approaching to the nature of a diamond. Shaw’s Lefturcs, 
p. 426. 

Gla5!s, Crown, is the bell fort of wiiidovv-glafs, and dilFcrs 
from the flint-glafs in containing no lead nor any metallic 
oxyd, except manganefe, and fometimes oxyd of cobalt, in 
minute dofes, not as a flux, but for corredling the natural 
colour. Tliis glafs is much harder and harOier to the touch 
than the flint-glafs ; but when well made it is a very beautiful 
article. It is compounded of fand, alkali, either potalh 
or foda, tlie vegetable allies that contain the alkali, and 
generally a fmall portion of lime. A fmall dofi.‘ of arfenic 
is often added to fiicilitate the fufioii. ZafiVe, or the oxyd 
of cobalt, with ground flint, is often ufed to corre<?l the 
dingy yellow of the inferior fort of crown -^lafs, and by 
adding the blue, natural to glafs coloured with this ox) d, 
to convert the whole into a foft light green. One ounce of 
zaffre is fufficient for looolbs. fiut when tlie fand, 
alkali, and lime are very fine, and no other ingredients are 
ufed, no zaffre nor corrcelive of bad colour is required. A 
very fine glafs of this kind may be made by 200 parts of 
pretty good fod^, 300 of fine fand, 33 of lime, and from 
250 to 300 of the ground fragments of glafs. We had 
formerly in London two kinds of crown glafs, dillinguiflied 
by the places where they were wrought; viz. i. Ratcliff 
crown gldfs, which is the heft and clearelt, and w'as firll made 
at the Bear-garden, on the Bank-fide Soutlnvark, but lince 
at Ratcliff : of this there are twenty-four tables to tlie cafe, 
the tables being of a circular form, about three feet fix inches 
in diameter. 

2. Lambeth crown glafs, w'hich is of a darker colour than 
the former, and more inclining to green. The following 
compofition has been recommended for the befl wdndow 
or crown glafs, viz* white fand, fixty pounds ; of purified 
pcarl-afhes, thirty pounds ; of falt-pelre, fifteen pounds ; 
of borax, one pound ; and of arfenic, half a pound. If the 
glafs fhould prove yellow, manganefe mull be added. A 
cheaper compofition for window glafs confifls of fixty pounds 
of white fand, twenty-five poiinds of unpurified pearl-afhes, 
ten poimds of common fait, five pounds of nitre, tw’o pounds 
of arfenic, and one ounce and a half of manganefe. The 
common, or green window glafs, is compofed of fixty pounds 
of w’hite fand, thirty pounds of unpurified pearl-alhes, ten 
pounds of common fait, two pounds of arfenic, and two 
ounces of manganefe. But a cheaper compofition for this 
purpofe, confifls of a hundred and twenty pounds of the 
cheapen white fand, thirty pounds of unpurified pearl-alhes, 
fixty pounds of wood-alhcs weU burnt and fifted, twenty 
pounds of common fait, and five pounds of arfenic. 

The manufaAure of the common window glafs, tliough 
made by blowing, is condu£led diffei-ently from that of the 
flint glafs articles ; as it is the obje£l to produce a large, flat, 
very thin plate of glafs, which is afterwards cut by the 
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glazier's diamond into the reqnlftte ihape. Without mi- 
nutely detailing the feveral gradations of the procefsi it may 
be here mcntioncd« that the workman takes a Very large 
mafs of melted glaft on his hollow iron rod, and bv rolling 
it on an iron plate and fwhiging it backwards and forwards, 
caiifes it to lengthen, by its own weight, into a cylinder, 
which is made hollow and brought to the required thinnefs, 
by blowing with a fan of breath, which perknis accuftomed 
to the bulinefs know how to command. The hollow cylin- 
der is then opened by holding it to the fire, which, by ex- 
panding the air confined within it, (the hole of the iron rod 
being /topped, ) burlis it nt the weakeft part, and when ftill 
ioft, it is ripped up through its whole length by iron (hears, 
opened out into a fiat plate, and finiihed by annealing as 
ufual. 

The large crown glafs of Mt'fTrs, Hanunond and Smith 
is fuperior in quality as well as in fi/c to that of any other 
manufa6lure. The ufual diameter of the tables in other 
manufa^ures may be taken at 47 or 48 inches, with an 
occaiional variation in a table of one or two inches : and the 
largeft fquare which can be cut from tliefe ineafures about 
24 inches by 20, and in fome circumfianoes one inch wider 
or longer. WJicreas the glafs of MelTrs. Hammond and 
Smith IS 60 inches in diameter, and will admit of being cut 
into fciuaroR of about 33 inches by 23 inches ; and a little 
more or lei’s. This glafs is alinofi; free from thofe fpecks, 
wreaths, &c. which difcolonr other glafs, and dillort the 
objeds feen through it. It now liipplies the place of 
Gernvan (hect glafs for prints, large faflies, and exportation 
to thofe foreign markets where that glafs was formerly in 
ufe. 

Gj-ass, Ftrnrh, as alfo called Normamly gMf and for- 
merly Lorrmue gJnfs^ becaufe it was made in thole provinces : 
thoiigh it has lince been made wholly in the nine glafs 
works ; five of which were in the forclt of J^yons, four in 
the country of Eu ; the lad at Beaumont, near Rouen. It 
is of u thinner kind than our crown clafs ; and, when laid on 
ja piece of white paper, appears of a dirtyilh-green colour. 
There are but twenty-five tables of tliis to the cafe. 

GtASS, German, is of two kinds, the white and the grfen : 
the firll is of a wliitilh colour, but is fubjed to thofe $naD 
curved ftreaks, obferved in our Ncwcallle glafs, though 
free from the fpots and blcmifiiCvS thereof. The green, 
belides its colour, is liable to the fame llrcaks as tlie l^te ; 
but both of them arc ftraighter, and lefs warped, than our 
Ncwcallle glafs 

Glass, Dutch , is not much unlike our Newcaftlc glafs, 
cither in colour or price. It is frcipicntly much warped, 
like that, and the tables arc but finall. 

Glass, NewcajUe, is that moil ufed in England. It is of 
an aih-colour, and much fubjed to fpecks, llreaks, and 
other blemilhes ; and, belides, is frequently warped. Ley- 
bourn fays, there are forty-live tables to the cafe, eadi con- 
taining five fuperficial feet : fome fay there are but thirty- 
live tables, and fix feet in each table. 

Glass, Phia!^ is a kind of glafs betwixt the flint glafs 
and the common bottle, or green glals. The l>c(l kind may 
be prepared with a hundred and twenty pounds of white 
fatil fifty pounds of unpurified pe^rl-afiie«, ten pounds of 
common 'fait, five pounds of arfenic, and five ounces of 
mat!ganefe. The compolition for green or common phial 
confifis of a hundred and twenty pounds of the cheapefi: 
wlute fund, eighty pounds of wood afiies, weU burnt and 
fifled, twenty pounds of pearUl^cs, fifteen pounds of com- 
mon fcJC, and one pound of arfcnic. . , r 

Glass, com mn green bottte^ is made almolt entirely of 
fund, hme, and fometimes clay, alkaline afhes of any kind, 
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as cheapnefs or convenience dircdl, and more cfpeciaBy of 
kelp in this country, of barilla, varec, and tlie other varietici 
of loda in Fi*ance, and of wood afiies in many parts of Ger- 
many, and the like. To thefe ingredients is fometimes 
added the earth remaining from falino afiies, after the alkali 
and falts have been extraSed by lixiviation, and in England 
flags from the iron furnaces. Bottlc-glafs is a v(*ry hard 
well-vitrified glafs, which reJifts the corrofive. aelion of all 
liquids much better than flint glafs. It is ufed, not only 
for wine-bottles, but for very large retorts, fuliliwing veflels, 
and other articles of the cluMnicm apparatus ; and it has for 
this pur|>ofe the advantage of bearing as much as a pretty 
full red heat without melting or linking down into a fiiape- 
Icfs lump, as the Icad-glalTes ivould do. The following 
compofition is ^ven by Loyfel as a good and cheap materi^ 
for bottlo-glais ; viz, 100 parts of common fand, 30 of 
varcc (a kind of coarfe kelp made on the wcflcrn coalls of 
France), i6o of the lixiviated earth of alhes, 30 of frcfli 
wood-afli, or any other kind of afli, 80 of brick -clay, and 
any quantity, generally about 100, of bruken glafs. lliis 
compofition yields no glafs-gall. I'his kind of glafs is 
formed of fand of any kind, fluxed by the alhes of burnt 
w'ood, or of any parts of vegetables ; to which may be 
added the fcori® or clinkers of forges. When the ibftcll 
fand is ufed, two hundred pounds of wood-alhes will fufficc 
for a hundred pounds of fand, which are to be ground and 
mixed together. Tlie compufition with the clinkers conlifts 
of a hundred and feventy pounds of wood-afiies, a hundred 
pounds of fand, and fifty pounds of clinkers, or fcoriac, 
w liicli are to be ground and mixed togetlier. If the clinkers 
cannot be ground, they mull be broke into fmall pieces, 
and mixed with tlie othtr matter without any grinding. 

A good bottle-glafs, but nearly black and opaque, has 
been made in France of the decompofed pulverulent bafaltic 
earth found in the vallies of all bafaltic countries. In France 
it abounds in the Vivarais, in Languedoc, and Auvergne. 
The firll glals of this kind appears to have been made in 
lyBoby a M. Ducros at the fuggeftion of Chaptal, who 
fimply melted fome of this bafalt without addition in a glafs- 
pot, and formed of it two very light, black, or ratlicr deep 
yellow', fliiniug, perfed bottles. In fubfequent trials by 
another artifl, a mixture of equal parts of bafalt and fand 
w as employed, as preferable to the bafalt alone 5 but not- 
with (landing a confiderable demand for bottles of this ma- 
terial, tl»e manufu^lurc was abandoned ft>r want of unifor- 
mity in llie ingredients, w hich made them often fail. The 
colour of tliis glafs was of a gn‘en-olive. 

The green colour, tranfmitted by bottle-glafs, w'hen in its 
perfecl (late, is owing to the iron contained both in the ve- 
getable afhes and in the fea-fand, which enter into its com- 
^ofition. This glafs affords an iiiflance of a femi-pellucid 
lubilancc, which exhibits a blue colour by incident light, 
and a yellow' or orange colour by that w hich is tranfmitted. 
See Delaval on the caufe of the permanent colour of opaque 
bodies. 

Glass, Plate^ is the mod perfe£l and beautiful gl&fs, of 
which all the kinds of mirrors and looking-glafTes are com- 
pofed. The materials of which this kind of glafs is made 
are much the fume as thofe of otiicr w orks of glafs, vi%, an 
alkali fait, and fand. 

To prepare the fait, they clean it well of all foreign mat- 
ters ; pound or grind it with a kind of mill, and finally fift 
it prettv fine. 

Pear{-a(heS4 properly purified, will fiirnilh the alkali fait 
requifite for this purpofe ; but it will be nCceflary to add 
borax, or common fidt, in order to facilitate the fufion, and 
prevent thiu glafs from ftiffening in that degree of heat, in 
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^hich It w to be wrought into platei. For purifying the 
x>earl-a(he 8 » diflblve them in four times their weight of boil- 
ing waters in a pot of caft iron, always kept clean from 
iw* Let the folution be removed into a clean tub, and re- 
main there twenty-four hours, or longer. Having decanted 
the clear part of the fluid from the dregs or fe 4 inient, put 
it again in the iron pot, and evaporate, the water till the falts 
arc left perfectly dry. Preferve them in Hone jars, well fe- 
cured from air and moiilure. 

Pearl-a/hes may alfo be purified in the higheft degree, fo 
as to be proper for the manufadtuile of the moft tranfpa- 
rent glaft, by pulverizing three pounds of the bed pearl- 
afhes, with fix .ounces of falt-petre, in a. glafs or marble 
mortar, till they are well mixed ; and then putting part 
of the mixture into a large crucible, and expofing it in a 
furnace to a ftrong heat. When this is red-hot, throw 
in the reft gradually ; and when the whole is red-hot, pour 
it out on a moiftened ftone or marble, and put it into an 
earthen or clean iron pot, with ten pints of water ; heat it 
over the fire till the falts be entirely melted ; let it then ftand 
to cool, and filter it through paper in a pewter cullender. 
When it is filtered, put the fluid again into the pot, 
and evaporate the fait to drynefs, which will then be as 
white as fnow; the nitre having burnt all the phlogiftic 
matter that remained in the pearl-afhes, after their former 
calcination. 

Ab to the fand, it is to be fifted and wafhed, till fuch 
time as the water come off very clear ; and when it is well 
dried again, they mix it with the fait, pafling the mixture 
through another fieve. This done, they lay them in the 
annealing furnace for about two hours ; in which time the 
matter becomes very light and white ; in this ftatc they are 
called frit^ or frhtm ; and are to be laid up in a dry clean 
place, to give them time to incorporate. They lie here for 
at leaft a year. 

When they would employ this frit, they lay it for fomc 
hours in the furnace, adding to fome the fragments or 
ihards of old and ill made glaffes ; taking care iirft to cal- 
cine the (hards by heating them red-hot lu the furnace, and 
thus calling them into cold water. To the mixture muft 
hkewiie be added manganefe, to promote the fufion and 
purification. 

The beft compofitlon for looking-glafs plates is faid to 
confift of fixty pounds of white fand cleanfed, twenty-five 
pounds of purified pearl-afhcs, fifteen pounds of fali-petre, 
and feven pounds of borax. If a yellow tinge fhould affc£l 
the glafs, a fmall proportion of manganefe, mixed with an 
equal quantity of arfenic, fhould be added. An ounce of 
the manganefe may be firft tried } and if this proves infuffi- 
cient, the quantity fhould be incrcafcd. 

A cheaper compofition for looking-glafs plate confiils of 
fixty pounds of the white fand, twenty pounds of pearl-afhcs, 
ten pounds of common fait, feven pounds of nitre, two 
pounds of arfenic, and one pound of borax. 

The materials of the fineft plate fflafs, fuch as that of 
French manufadure, are white fand, foda, and lime, to 
which are added manganefe and zaffre, or any other oxyd 
4 »f cobalt for partieuw colouring purpofes. The fand is 
of the fineft and whiteft kind, >mch fhould be previoufly 
pafled throwh a wire fieve, moderately clofe, into water, 
in which it mould be well ftirred about and wafhed. The 
fliarpeft grained land is preferred, and it is found that grains 
of moderate fize melt with the alkali fooner, than the very 
fine dull or the larger fragments. The alkali is always 
foda, .which is preferable to potafli, as glaffes made with 
ibda are found to. be fofterand to flow Siinner when hot, 
.and yet to be equally durable when cold. Befides, tbt 
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neutral falts with the bafis of foda which conftitute the glafs- 
gall in this inftaiice, fuch as the muriat and fulphat of 
foda, appear to be diflipated more readily by the fire than 
the correfponding falts of potafh. Tlie foda that is ufed it 
confiderably pure, or fuch as is feparated from the rough 
afhes of barilla, and other foda plants by lixiviation. Lime 
adds to the fufibility of the other materials, fupplying the 
life of litharge in the flint-glafs ; but excefs of it would im- 
pair the colour and folidity of the glafs. About i-i5th of 
the whole is as much as can properly be ufed ; but fome re- 
duce the quantity to i-24th. The decolouring fubftances 
are azure, or cobalt blue, and manganefe. Befides thefc, 
tliere is always a great quantity of the fragments of glafs, 
colledled from the wafte of the manufacture, which are 
made friable by quenching in water when hot, and ufed in 
this (late together with the frefh materials. As to the 
quantities and proportions of the ingredients, much latitude 
is allowed. The following are faid to produce a very fine 
glafs ; viz, 30olbs. of fand ; zoolbs. of foda ) 3olbs. of 
lime ; 32 ounces of manganefe ; three ounces of azure ; and 
30olb9‘. of fragments of glafs. In the manufactory at St. 
Gobin fecrecy is obferved with regard to the materials ; but 
it is affirmed, and with much probability, that borax is ufed 
in fmall quantity. 

Of the materials now enumerated the fand, foda, lime, 
and manganefe arc firft mixed together with more care than 
for ordinary glafs, and they are fritted in fmall furnaces built 
for this purpofe, the heat being gradually raifed to a full red-* 
white, and then kept with frequent ilirring till the materials 
undergo no farther change, nor yield any kind of vapour. 
The azure and glafs fragments being Jilready in a (late of 
perfect vitrification arc not added till juft at the end of the 
procefs, which lafts about fix hours. Wlien the materials 
are thus prepared, they are fit for plate-glafs, to be formed 
either by blowing or cafling. The largefl glafles at St. 
Gobin are run ; the middle-fizcd and fmall ones art 
blown. 

Blowing loolin^^glnfs plates. The work-houfes, furnaces, 
&c. ufed in the making of tins kind of plate-glafs, are 
the fame, except that they are fmaller, and that the car- 
quaiffes arc difpofed in a large covered gallery, over-againft 
the furnace, as thofc in the following article, to whicn the 
reader is referred. 

After the materials are vitrified by the heat of the fire, 
and the glafs is fufficiently refined, the workman dips in his 
blowing iron, fix feet long, and two inches in diameter^ 
fliarpcned at the end, which is put in the mouth, and widenea 
at the other, that the matter may adhere to it. By this 
means he takes up a fmall ball of matter, which flicks to 
the end of the tube by conftantly turning it. He the* 
blows into the tube, that the air may fwell the annexei 
ball : and carrying it over a bucket of water, which is 
pfec^’d on a fupport at the height of about four feet, he 
fprinkles the end of the tube to which the matter adheres, 
with water, Hill turning it, that by this cooling, the mat- 
ter may coalefce' with the tube, and be fit for fuftaining a 
greater weight. He dips the tube again into the fame pot, 
and proceeds as before ; and, dipping it in tlie pot a tliird 
lime, he takes it out, loaded with matter, in the fliapc of a 
pear, about ten inches in diameter, and a foot long, and 
cools it at the bucket ; at the fame time blowing into the 
tube, and, with the affiftance of a laboui-er, giving it a 
balancing motion, he caufes the matter to lengthen ; which, 
by repeating this operation feveral times, aflumes the form 
Of a cylinder, terminating like a ball at the bottom, and ia 
a point at the top. The affiftant is then placed on a ilool 
tmee feet and a high ; and on this ilool there are two 
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npriffht pieces of timber^ with a crofs beam of the fame, 
for lupporting the glafs and tube, which are kept in an 
oblique pofltion by the ailiflant, that the mailer workman may 
with a puncheon fet in a wooden handle, and with a mal- 
let make a hole in the mafs: this hole is drilled at the 
centre of the ball that terminates the cylinder, and is 
about an inch in diameter. When the glafs is pierced, 
the defefts of it are perceived ; if it is tolerably perfect, 
the workman lays the tube horizontally on a little iron 
trcffel, placed on the fupport of the aperture of the furnace. 
Having expofed it to the heat for about half a quarter of an 
hour, he takes it away, and with a pair of long and broad 
{hears, extremely fltarp at the end, widens the glafs, by inli- 
niiating the fliears into the hole made witli the jiunchcon, 
whilll the afliilant, mounted on the llool, turns it round, till, 
at lall, the oj)cniug is fo large as to make a perfc«tl cylinder 
at bottom. When this is done, the workman lays his glals 
upon the trelTel, at the mouth of the furnace, to licat it : he 
then gives it to his ufliftant on the llool, and with large 
Ihears cuts the mafs of matter up to lialf its height. There 
is at the mouth of the furnace an iron tool, called pontil^ 
w l;ich is now hei'iting, that it may unite and coalcfce with 
the glafs juft cut, and perform the office which the tube did 
before it was feparated from the glafs. This i^ontil is a piece 
of iron, fix feet long, and in the form of a cane or tube, 
having at the end of it a fmall iron bar, a foot long, laid 
equally upon the long one, and making with it a T. This 
little bar is full of the matter of the glafs, about four inches 
thick. This red-hot pontil is prefented to the diameter of 
the glafs, which coalefces immediately with the matter round 
the pontil, fo as to fuppert the glafs for the following ope- 
ration. When this is done, they feparate the tube from the 
glafs, by llriking a few blows with a chilTel upon the end of 
the tube, which has been cooled ; fo that the glafs breaks 
directly, and makes this feparation, the tube being difeharged 
of the glafs now adhering to the pontil. They next preient 
to the furnace the pontil of the glafs, laying it on the treflcl 
to heat, and redden the end of that glafs, that the workman 
may open it with his fliears, as he has already opened one 
end of it, to complete the cylinder ; the afliilant holding it 
on his llool as before. For the lail time, they put the pontil 
on the treffel, that the glafs may become red-hot, and the 
workman cuts it quite open with his Ihears, right over- 
againft the fore-mentioned cut ; this he docs as before, 
taking care that both cuts are in the fame line. |n the 
mean time, the man who looks after the carquaifies, comes 
to receive the glafs upon an iron fliovel, two feet and a half 
long without the handle, and two f^et w ide, with ft fmall 
border of an inch and a half to the right and left, and 
towards the handle of the fiiovcl. Upon this the glafs is 
laid, flattening it a little with a fmall Hick a foot and a half 
long, fo that the cut of the glafs is turned upwards. They 
feparate the glafs from the pontil, by llriking a few gentle 
blows between the two with a chiffel. The glafs is then re- 
moved to the mouth of the hot carrjuaific, wlicrc it becomes 
red-hot gradually 5 the workman, with an iron tool, fix feet 
long, and widened at the end iu form of a chib at cards, 
foi r inches long, and two inch'^s wide on each fide, very flat, 
ivA not half an inch thick, gradually lifts up the cut part of 
the gbfs, to unfold it out of its form of a flattened cy- 
linder, and render it fmoot.li, by turning it down upon the 
hearth of tlie carquaire. Th\: tool, already deferibed, being 
infinuHted v^ithin the cylinder, performs this operation, by 
{u'ing pufhed hard again (I all the parts of the glafs. When 
the g'afa is thus mide quite fmooth, it is pulhed to the 
bottom of the carquaifle, or annealing furnace, with a fmall 
iron and ranged lUero with a Ltile irem hook. When 
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the carquaifie is full, it is flopped and cemented as in th^e 
cafe of run glaffes, and the glals remains there for a fort- 
night to be annealed ; after which time, they are taken out 
to be polifiied. A workman can make but one glafs in an 
hour, and he works and retts for fix hours alternately. 

It may be obferved, that looking-glafles, thus blown^ 
fliould never be above forty-five, or at molt fifty inches long, 
and of a breadth proportionable. Thofc exceeding thclc 
dimenfions, as vve frequently find among the Venice glaffes, 
cannot have the thickiicfs fufficient to bear the grinding ; 
and, befides, are fiibjcCl to warp, which prevents them from 
regularly refie^ling objedls. Whereas plates as large as 
nine feet in length and proportionally wddc, have been ma- 
nufadlurcd by calling. 

Cafling cr nmtiing large Looling-ghfs plates. This art, as 
vve Jidvc obferved in the Hijlory of Glass, is of French in- 
vention, Tt is owing to the Sicur Abraham Thevart, who 
lirll propofed it to tlic court of France, in 1688. 

It is performed much like the calling of fliect-lcad among 
the plumbers ; and by means hereof vve are not only enabled 
to make glafles of more than double the dimenfions of any 
made by the Venetian way of blowing ; but alfo to call all 
kinds of borders, mouldings, &c. 

The furnaces for melting the materials of this manufa^liire 
arc of large lize, being about 18 feet long and 15 wide ; and 
thofefor annealing the glalTcs, when formed, are much more 
fo Round a mclting-lurnacc, there arc at lealt twenty-four 
annealing furnaces or ovens ; each from twenty to twenty- 
five feet long ; they are called carquaifles ; each carquaifie 
has two tiflarts, or apertures, to put in wood, and two 
chimnies. Add, that l)cfide the annealing furnaces, 
there arc others for making of frit, and calcining old pieces 
of glafs. 

All thefc furnaces arc covered over with a large died 5 
under whicli are likt wife forges, and work-houfes for fmiths, 
carpenters, &c. continually employed in repairing and keep- 
ing lip the machines, furnaces, &c. as allb lodges, and apart- 
ments for thefe, and llic other workmen, employed about 
the glafs, and keeping up a perpetual fire in the great fur- 
nace ; lb that the glals-houfe, as that in the caftlc of St. Go- 
bin, in the ibrell of Fere, in the Soiffbnois, appears more 
like a little city, than a manufadlory. 

The inlide of furnaces is formed of a fort of baked earth, 
or refraftory clay, proper to fullain the action of fire ; and 
the fame earth ferves alfo for melting-pots, eifterns, &c. 
The furnaces fcldom lall above three years ; after which 
they are to be rebuilt, Irom bottom to top ; and to keep 
them good, even for tliat timv’, the inlide naift be refitted 
every fix months, at vJiieh time the fire is extinguifiied. 
The fmching-potb arc as big as wine hogllicads, about three 
feet in height, and in diameter ; and contain above two 
thoufand weight of metal. They are in the form of an in- 
virted and truncated cone. The ciilerns, or pans, called 
** cuvettes,^' are much fmaller, being about thirty -fix inches 
long, eighteen inches wide, and as many deep ; and ferve for 
the conveyance of liquid glafs, whicli is drawn out of the 
pots to the calling tables. They do not contain much more 
than a fixlh, or when Lirge plates are call, a tliird of the 
pots. 

When the furr.?*'‘L is in condition to receive the pots and 
ciilerns, they heat it red-hot, which requires fifty cords, or 
a hundred cart-loads of wood. That kind of wood which 
emits the largeft and brightell flame, v/ithout much refinoua 
fmoke, is preferred. I'his done, they fill the pots with the 
materials, or focki and fand, which is done at 1‘everal times, 
to facilitate the fufion. When the matter is fufficicntly 
vitrified, 'refined, and fettled, which ufually happens in 



88 

thirty-fix liotir 3 | they fill the ciftems,' which are in the fame 
furnace^ and which are left there about fix hours longer, 
tiU fuch time as they appear all white through the exceflivc 
heat. 

To get the ciflcrns with the metal out of the furnace, 
they make ufe of a large iron chain which opens and fliuts 
witri hooks and eyes. From the middle of this, on each 
fide, arife two maflive iron pins, by which, with the aiTifiance 
of pullies, the cidems are raifed upon a kind of carriage of 
a proper height ; and thus condudled to the table where the 
glafs is to be run. The ciftern is then raifed above the 
tables with an engine, in form of a crane, by means of two 
iron bars, fo contrived as to throw the cillern into an inclined 
pofition, which difeharges a torrent of matter, all on lire, 
with which the table prepared for this purpofc is prefently 
covered. 

The table on which the glafs is to be run, is of fmooth 
tluck copper-platc, about ten feet long, and fix feet broad. 
It is fupported on a wooden frame, u'lth truckles, for the 
convenience of removing from one carquaifTe, or annealing 
furnace, to another, in proportion as they are filled. 

Or, when each pot has a calling table, it is llrongly fup- 
ported by mafonry, and contiguous to each table on tlie 
fame level are the annealing ovens, upon which, being fiat, 
the glafs, when call and fumciently cooled, may be Aid from 
off the copper-table without much difficulty. The tops of 
tlie flat ovens and the tables are on a level with the corre- 
fponding opening of the furnace, whence the cuvettes or 
ciftems are withdrawn. When the glafs is melted and fined 
in the manner already ftated under tlie article Flwt Glass, 
the cuvette or cillern, previoufly made hot in the furnace, is 
filled out of the pot with a copper ladle, about ten inches in 
diameter, fixed to an iron handle feven feet long, properly 
fupported on an iron ftay by two workmen ; and after re- 
maining in the furnace for fome hours, till the famplcs taken 
out for trial appear to be cpiite clear and limpid, the door of 
the furnace is opened, and the cuvette is pulled out and re- 
moved to the fide of the copper table. It is then feummed 
with an inftruinent confifting of a copper blade let in iron, 
and hoifted for the difehurge of its contents on the table, in 
the manner already mentioned. 

To form the thicknefs of a glafs, and to make the fur- 
face fmooth and even, there are two iron rulers or rims, 
placed round the edge of the table ; and on lliefe reft the 
two extremes of a kind of roller, or hollow heavy cylinder 
of copper, turned after being call, and about 500 pounds 
in w’eignt, which ferves to drive the liquid matter before it 
to the end of the table, or mould. The iron rulers being 
moveable, and capable of being fet clofer, or farther apart, 
at plcafurc, determine the width of the glaflcs, and retain 
the matter, tliat it does not run off at the edges. The wafte 
glafs, if any, falls into a veffel of water, and is referved for 
the next melting. 

As foon as the matter is arrived at the end of the table, 
and the glafs is come to a confillencc, examined by the di- 
rectors of the manufacture, and approved, they Ihove it off 
into the annealing furnace, with an iron raker, as w'idc as the 
table, that has a handle two fathoms long ; being affifted by 
workmen on the other fide of the carquaifTe, who, with iron 
hooks, pull the glafs to them, and range it in the carquaiffc, 
which holds fix large glaffes. 

What is moft iurprifing throughout the whole of this 
operation, is the quicknefs and addrefs wherewith fuch 
maily ciftems, filled with a flaming matter, arc taken out of 
the furnace, conveyed to the table, and poured on it, the 
glafs fpread, &c- The whole ts bcoHceivable to fuch as 
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have not been eye-witneffes bf that furprifing manulae* 
ture. 

As fall as the ciftems are emptied, they carry them back 
to the furnace and take freffi ones, which they empty as be- 
fore. This they continue to do, fo long as there are any full 
ciftems ; laying as many plates in each carquaiffe as it will 
hold, and ftopping them up with doors of baked earth, or 
clay, and every emnk with cement, as foon as- tlicy are 
full, to let them anneal, and cool again, which requires about 
fourteen days. 

The firft running being difpatched, they prepare another* 
by filling the ciftems anew, from the matter m tW pots ; and 
alter the fecond, a third, and even a fourth time, till tlic 
melting-pots are quite empty. 

The ciftems at each running lliould remain at leaft 
fix hours in the furnace to whiten ; and when the firil 
annealing furnace is full, the calling table is to be carried 
to another. It need not here be obferved, that the car- 
quaiffes, or annealing furnaces, mull firft have been heat- 
ed to the degree proper for them. It may be obferved, 
that the oven full, or the quantity of matter commonly 
prepared, fupplies the running of eighteen glaffes, which 
is performed in eighteen hours, being an hour for each 
glafs. The workmen work fix hours, and arc then re- 
lieved by others. 

When the pots are emptied, they take them out, as 
well as the ciftems, to ferape off what glafs remains, 
which otherwife would grow green by continuance of 
fire, and fpoil the glaffes. They are not filled again in 
lefs than thirty-fix liours, fo that they put the matter 
into the furnace, and begin to rim it every fifty-four 
hours. 

The manner of heating the large furnaces is Angular enough % 
the two tifors, or perfons cmjiloyed for that purpofe, in 
their Ihirts, run round the furnace without making the leaft 
Hop, with a fpeed fcarce inferior to that of the lighteft 
courier : as they go along, they take two billets, or pieces 
of wood, which are cut tor the purpofc $ thefe they throw* 
into the firft tilTart ; and continuing their courfe do the fame 
for the fecond. This they hold without interruption for fix 
hours fucceffively ; after which they are relieved by others^ 
&c. It is furpriling that tv o fuch fmall pieces of wood, 
and which are confumed in an inftant, Ihould keep the fur- 
nace to tlie proper degree of heat ; which is fuch, 
that a large bar of iron, laid at one of the mouths of 
the furnace, becomes red-hot in left than half a mi*> 
nute. 

It is computed, that a furnace, before it be fit to run 
glafs, colls above three tlioufand five hundred pounds; 
that at leaft fix months arc required for the building it 
anew, and three months for the refitting it | and that 
when a pot of matter burlU in tlie furnace, the lofs of 
matter and time amounts to above two hundred and fifty 
pounds, 

The glafs, when taken out of the melting-furnace, need's 
nothing farther hut to be ground, polilhed, and foliated* 
But before thefe operations arc performed, they cut and 
fquare the edges of the plates ; w hich is performed with a 
rough diamond, paffed along tlie furface ot the glafs, upon 
a fquare ruler, like that of the glaziers, and made to cut 
into the fubftance of the glafs to a certain depth. This cut 
is then opened by gently knocking with n fmall hammer on 
the under fide of the glafs, juft under it; by which meant 
the piece comes off, and the roughneffes of tne edges are re- 
];nove 4 by pincers. The plates arc then laid by for ffrinding% 
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%iAf!vmnjr; which fee refpcc\ircly. See alfo 
Xooking-Glass. 

GLASSy jinne^ng or Nealing nf. The operation of an- 
nealing of glafs is performed in a peculiar furnace called the 
leeff which confifts of two parts, the tower and leer, Ti'he 
velTels^ as foon as made, are placed by the workmen on the 
floor of the former to anneal : whicli done, they arc drawn 
(lowly in a fort of pan, called fraches^ by an operator called 
the farole-man^ all along the latter, the fpacc of five or fix 
yards, to rive them time to cool gradually ; fo that when 
they reach the mouth of it, they arc found ijuite cold. 
Merret, Not* to Ncri, p. 243, feq. 

This annealing is generally performed in a hot chamber, 
built for the purpofe, at the top of the glafs-hoiife, above 
the crucibles, and a little below the chimney* Without this 
precaution, the glafs would be liable to jHy and break, by 
the leaft change of heat and cold, by the fmallell fcratch, 
and fometimes without any apparent external caufe. The 
hard glafles, and thofe efpecially that are made with alkali 
and earths, require much more annealing than the fofter and 
more fufible glaffes, containing in their compofition much 
litharge. 

The particles of glafs by annealing are fuppofed to lofe 
part of their fpringinefs, and their Tirittlenefs at the fame 
time. A gradual heating or cooling of glafs, according to 
Dr. Hook, anneals or reduces its parts to a texture more 
loofe, and eafy to be broke 5 but withal more flexible than 
before. And hence in fome meafure the phenomena of glafs- 
drops* 

Some of the phenomena depending on the fragility of un- 
annealed glafs defer ve the attention of the curious. Thofe 
•f the laArymae, or glafs-drops, were among the firft taken 
notice of ; and it has alfo been obferved, that hollow bells 
made of unanncaled glafs, with a fmall hole in them, will fly 
to pieces by the heat of the hand only, if the hole by 
which the internal and external air communicate be flopped 
with a finger. Phil* Tranf* 477. § 3. Sec RupehtV 
Dropr* 

But lately fome vcfTels made of fuch unanncaled glafs 
fmve been difcovcrcd, which have the remarkable property 
of refiftingvery hard ftrokes given from without, though 
they fhiver to pieces by the fliocks received from the fall of 
very light and minute bodies drojipcd into their cavities* 
Of this kind is the “ Bologna j^lual.*’ Thcfe glaffes may be 
made of any fliapc ; all that needs be obfcrvi-d in making 
them, is to take care that their bottoms may be tliickcr than 
their fldes. The tliickcr the bottom is, the cafier do the 
glafles break. One whofc bottoru is three fingers breadth 
in thicknefs, flies with as much eafeat lead as the thinned glafs. 
Some of thefe veflels have been tried with ilrokcs of • mal- 
let fudicient to drive a nail into wood tolerably hard, and 
liave reflfted fradlure. They alfo refift the fhock of feveral 
heavy bodies let fall into their cavities, from the height of 
two or three feet* For inftance, mulket-balls, pieces of 
iron, or other metal ; pyrites, jafper, wood, bone, &c. but 
this is not furprifing, as other glaffes of the fame fizedo the 
fame. But the wonder is, that taking a fhiver of flint of the 
fi7.e of a fmall pea, and letting it fall into the glafs only from 
the height of three inches, in about two feconds the glafs 
flies, and fometimes in the very moment of the fliock ; nay , 
a bit of flint, no larger than a grain, dropt into feveral glafles 
fuccefitvely, though it did not immediately break them, yet 
they all flew, being fet by, in lefs than three quarters of an 
hour. Phil. Franf ibid. p. 509. 

Some other bodies produce a like cffe6t with flint : for in- 
dance, fapphire, porcelain, diamonds, hard tempered ftcel, 


89 

as alfo marbles, fuch as boys play with ; to whicli add peark 
from the animal kingdom. 

The experiment luccceded alfo when the glafles were held 
in the hand, refted on a pillow, put in water, or filled with 
water. It is alfo remar^ble, that the glafles broke upon 
their bottoms being flightly rubbed with the finger, 
though fome of them did not fly till half an hour after the 
rubbing. 

If the glafles be every where extremely thin, they do not 
break in thefe cireumflanccs. 

Some have pretended to account for thefe phenomenaf 
by faying, that the bodies dropped into thefe vefTcls caufe a 
concuflion, that is llronger than the cohefion of the parts of 
the glafs, and that conlequently a rupture of the fame mull 
enfue. But why does not a ball of gold, filver, iron, cop* 
per, or feveral other bodies, even a thoufand times heavier 
than a (hiver of flint, equally caufe this concuflion, and break 
the glafles ? 

Mr. Euler has endeavoured to account for thefe appear* 
ances from his Principles of Pcrcuflion. He thinks this 
experiment entirely overthrow’s the opinion of thofe wlx> 
meafure the force of percuflion by the ivV viva; and 
he thinks the principles he has cftabliflied give a clear folii* 
tion of this phenomenon. According to thefe principles, 
the extreme hardnefs of the flint, and alfo its angular figure, 
which makes the fpacc of contadt with the glals veflel ex- 
tremely fmall, ought to caufe an impreflion on the glafs vaft- 
ly greater than lead or any other metal ; and this may ac- 
count for the flint’s breaking the veflel, though the bullet, 
even falling from a conflcjcrable lieiglit, does no damage* 
Mem. Acad. Berlin, 1745, p. 47. 

Hollow cuj's, made of the green bottlc-glafs, fome of 
them three inches thick at bottom, were inltantly broken, 
by a fliiver of flint weighing about two grains, though they 
had refilled the fliock of a mufket ball from the height of 
three feet. Phil. Tranf ibid. p. 515. 

“ The precilV mechanical caufe of this difpofition to 
crack in unanncaled glafs, is very difficult to explain,” fays 
Aikin (Di(^.S “ hut generally Ipcaking, it is uippofed to 
be the forcible contradlioii of the outer part by fudden cool- 
ing, whilft the inner portion is Hill foft and half-fluid, ib 
that the whole fixes with a permanent drain or inequality of 
prefliire of one part upon the other ; and as glafs is extreme- 
ly elaftic, though brittle, any force wdiich tears afundcr a 
portion, however finull, the tenfe part, communicates a 
ilrong and fudden impulfe over the wdiole mafs.’^ This 
mod Angular phenomenon,*' (of the Rupert’s drop) fays 
the fame ingenious chemid, in confcqucncc of liis own ex- 
periments, “ is obvioufly owing to fome permanent and veiy 
ilrong inequality of preflurc, tor when they are heated io 
red, as to be foft and merely let to cool ef themfelves, 
this property ©f burding is entirely lod, and, at the 
fame time, the fpecilic gravity of the drop is in- 
civafed. The peculiar brituenefs of the Bologna phial 
is alfo removed by again heating and cooling flowdy.'* 
The common winaow-glafs, wdicn badly annealed, is cut 
by the diamond with diinculty, and the cut often flies in a 
diredion different from what was intended, or the glafs en- 
tirely breaks. 

Among^othcr more common dcfe^ls of glafs, we may 
mention its liability to be added upon by corrofive liquors, as 
is the cafe when too much faliueflux has been ufed. As impe- 
netrable as glafs is to the common mendruums, we find it 
eaten by the air in length of time, when expofed in old win- 
dows ; but the efiedls of its being kept in a fubterraneous 
place are much inore ftrangc. Bornchivis tells us, that at 
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tTie lime when lie wa» at Rome, there was dug up a whole and earth.** The knots in glafs ** arife either* from a portloa 
>K>ufe from under the kitchea garden of a citiiert. The of fand that has efcaped vitrification, and remains entangled 
ho life had been buried there ten ages, and there were found in in the glafs, or from a remaining quantity of glafs-gall ; or 
it feveral glafs urns, or lacrymatories. The glafs of thefe from bits of the crucible which may be accidentally knocked 
had no holes made in it, as our old glafs in chamber-windows off by the iron inftruments ufed in the working.*^ 
has, but il ill retained its fmooth Uirface and tranfparence ; Glass ^ Antimony. See Oxyds of Antimony and Vr- 
butitwus fplit into a vail number of thin laminx, which Antmordl ceraium ^ 

Were as pellucid and fine as Mufeory glafs ; and in fome Glass, Axungia of See Axukgia, Sakdiver, and 
places were tinged with all the beautiful colours that art could Glass^ fufra, 
have given. We are not acquainted perfeftly with the an- Glass of Bora'. See Borax. 
cient way of working their glafs ; but it is not probable Glass, Colouring of, to imitate gems . See Gem.s. 

there could be any thing particular in the formation of the Glass, GoU-coloured This kind of glafu may be made 

veflel, to determine it to fplit thus into flakes ; but that glafs by taking ten pounds of either of the coinpofitions for hard 
of the fame kind, in any form, would have done the fame, glafs, omitting the falt-pctre ; and for every pound adding 
Borrich de Ortu Chemise. an ounce of calcined borax ; or, if this quantity doth not 

There arc other vifible imperfe£Hons in glafs, materially render the glafs fulficiently fufible, two ounces ; ten ounces 
imuriug its foundnefs and beauty, and enumerated by Aikin of red tartar, of the deepeft colour, two ounces of manga- 
(l>i6l. art. Glafs) under the denominations of frix, threads^ nefe, and two drams of charcoal of fallow, or anjr other loft 
tearSf and knots. The former are undulating waves in the kind. Precipitate of iilver baked on glafs will Ham it yellow*, 
glafs, arifing from the imperfeft mixture of the materials, and likewife give a yellow colour on being mixed with and 
and their different fpecific gravities. Accordingly, we may melted w'ith forty or fifty times their weight of vitreous 
obferve, that the mo II tranfparent glafs is fubje^lto bubbles compofitions ; the precipitate from aqua-fortis by fixed al- 
and veins, the methods of preventing which arc yet little kali feems to anfwcr bed. Yellow glafles may alfo be ob- 
known ; and this is an inconvenience by w*hich Mr. Dol- tained with certain preparations of iron, particularly wdth 
lond's excellent difeovery is affedled ; for the flint-glafs which Pruflian blue. But Dr Lewis obferves, that the colour does 
heufesis peculiarly fubjedl to fmall veins, that difturb the rays not conftantly fuccecd, lu r approach to the high yellow of 
in their paflage, and render tlie vilion confufed. This effedl is gold, with filver or w ith iron. The neared imitations of 
owdng to the denfity of thefe veins being greater than that gold which he has been able to produce, have been effcdled 
of the red of the glafs, as appears from tlieir image received w'ilh antimony and lead. Equal parts of the glafs of anti- 
on white paper, when the ^afs is held between the paper mony, of flint calcined and powdered, and of minium, forrn- 
and a candle, or other luminous obic^l : for this image of a ed a glafs of a high yellow ; and with two parts of glafs of 
thus received, is a line brighter than the red of th antimony, two of minium, and three of powdered flint, the 
image of the ^lafo, and this bright line is defined by a dark colour approaclied dill more to that of gold. The lad corn- 
edge on each Iide. But the bright line evidently (hews a pofition exhibited a multitude of fmall fparkles inltrfperfed 
convcrgency of rays, which can only be cffcdled bv the through its wdiole fiibdance, which ga\e it a beaulifnl ap- 
vcins being denferthan the medium in which they are placed, pearancein the mafs, but w'cre really imperfeftions, owing 
The reafon why flint glafs is more fub]e£l to veins than to air-bubbles. 

Other glafs is, fays the tranflator of Macquer’s Chemical Ncri dircd:s, for a gold-yellow colour, one part of red 
Dictionary, becaufe it is compofed of materials of more tartar, and the fame quantity of manganefc, to be mixed 
lliffcrcnt denfitics. wuth a hundred parts of frit. But Kunckel obferves, tliat 

Mr. Macquer, with a view of improving the manufac- thefe portions are faulty ; that one part, or one and a quar- 
ture of this glafs, propofes to facilitate the union of the calx ter of manganefc, is fulficicnt for a hundred of frit; but 
€f lead ana fand, of which it is compofed, by ch priv- that lix parts of tartar are hardly enough, unlcfs the tartar 
Jrtg the calx of lead, as much as pofliblc, of its phlog'flon, is of a dark red colour, almoll blackifli ; and that he found 
which may be done by combining the vitriolic acid w ith mi- it expedient to add to the tartar about a fourth of its weight 
tiiixm, or red-lead, and expofing this compofition to the Optra- of powdered charcoal. He adds, that the glafs fwells up 
tion of fire, to difengage it from the acid ; and alfo by giving very iriicli in melting, and that it mull be lelt unftirred and 
thefe tw’o fubflances the greatcll polfiblc degrees of fluidity wciked as it flands in fufion, Mr. Samuel More, in repcat- 
and mobility, which nray be done by mixing wdlh the com- ing and varying lliis procefs, in order to render the colour 
pofition of them a con fiderable quantity of folvents. Hilt, more perfect, h)und that the manganefc is entirely eflential 
Acad. Scienc. for 1773. to the gold colour, and that the tartar is no otherwife of ufe, 

I'hnads \n are tliofe llreaky filaments which arife than in nrtue of the coaly matter, to which it is in part re- 

from the vitrification of the clay ; being generally green, cluced by the fire ; the phlogifton or inflanmiablc part of the 
and rendering the glafs more liable to crack at thefe parts, coal appearing in feveral experiments to be the diredt ting- 
But one of the worll defedls (fays Aikin, uhi fupro), i'a ing fubiiance. Mr. Pott alfo, in his Neiie Wiclitige Phy- 
^Uears, or drops of vitrified clav falling down from the ficalilhch-Chymifche Materien, 8 cc. printed in 1762, ob- 
furiiace into the pots, and entangled w*ith the glafs. Arti- ferves, that common coals give a yellow colour to glafs ; 
cles made of glafs with this defcdl, are always very brittle, that different coaly matters differ in their tinging power ; 
and generally break of themfelves by flight changes of heat that caput mortuum of foot and lamp-black anfw'er better 
and cold.** Small bubbles appear in glafs not fufliciently re- than common charcoal ; and that the fparkling coal which 
fined by a continuance of the melting heat ; and thefe may remains in the retort after the redlification of the thick cm- 
be owing to a deficiency of flux, fo that the glafs is le/s pyreumatic animal oils, is one of the moll adlive of thefe 
fufible, and the bubbles cannot eafily be difcngaged. preparations. This preparation, he fays, powdered, and 
Hence,” fays the author now cited, the foft Fufible then burnt again a little in a clofe veffel, is excellent for ting- 
glaffes with much lead are much lefs liable to thh fault than ing glafs, and gives yellow, brown, reddifh, or blackifh co- 
tbe hard) green bottle-glafS) wliich is made only of alkali lour, according to its quantity : but the frit mull not be very 
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hard of fufion ; for, in this cafe, the flrong fire will deftroy 
the colouring fubllance before the glafs melts, and he has 
found the following coinpolltionn to be, nearly the heft ; viz. 
fand two parts, alkali three parts ; or faiid two, alka- 
li three, calcined borax one ; or fund two, alkali two, 
calcined borax one : and though falt-petre is hardly 
ufed at all, or very fparingly* for yellow glalfos, as 
it too much volatilizes the colourir.g fubftance ; yet here 
for the moft part a certain proportion of it, eafily determined 
by trial, is very neceffary ; for without it, the concentrated 
colouring matter is apt to make the glafs too dark, and even 
of an opaque pitchy blacknefs. It does not certainly appear 
that there is any material divcrfity in the effedls of different 
coals ; the difference being probably owing to the different 
quantities of the inflammable matter which they contain ; 
fo that a little more ffiall be required of one kind than of an- 
other, for producing the fame degree of colour in the glafs. 
Nor does the Coftncls or fulibility of the frit appear to be in 
any rcfpcil neceffary. 

Gold-coloured fpangles may be diffufed through the fub- 
jffance ,of glafs, by mixing the yellow talcs with powdered 
glafs, and bringing the mixture into fufion. Sec Lewis's 
Com, Phil. Techu. p. 223. 626, &c. 

Glahs Jor counterfeiting lapis lazuli. See Jjnpis LazULT. 

Glass rcfemlling opal. See Opal and Gkms. 

Glass, Ruby, The way to give the true fine red of the 
ruby, with a fair tranfparence, to glafs, is as follows. Cal- 
cine in earthen vcflels gold diffolvcd in aqua regia, the men- 
flruum being evaporated by diflillation, more aqu:i regia added, 
and the abftra^tion repeated five or fix times, till it becomes 
a red powder. This operation will require many days in a 
hot furnace ; when the powder is of a proper colour, take 
it out ; and when it is to be ufed, melt the fincll cryihd glafs, 
and purify it, by often calling it into water ; and then add, 
by imall quantities, enough of this red jiowder to give i\ 
the true colour of a ruby, with an elegant and pirfcdl tranf- 
parence. Neri. See Gems. 

The procefs of tinging glafs and enamels by preparations 
of gold, were firll attempted about the beginuing of the 17th 
century. Libaviiis, in one of his trads, entitled Alchymia, 
printed in 1606, conjeAurcs that the colour of the ruby pro- 
ceeds from gold, and that gold diffolvecl, and brought to red- 
nefs, might be made to communicate a like colour to factitious 
gems and glafs. On this principal Neri, in his ** Art of 
Glafs,'* dated 161 1, gives the procefa above recited. Glau- 
ber, in 1648, publiffied a method of producing a red colour 
by gold, in a matter which is of the vitreous kind, though not 
perte6t glafs. For this purpofe he ground powdered flint or 
jf^ind with four times its weight of fixed alkaline fait ; this 
mixture melts in a moderately ffrong fire, and when cold 
looks like glafs, but expofed to the air runs into a liquid 
ilate. On adding this liquor to folution of gold in aqua regda, 
the gold and flint 'precipitate together in form of u yellow 
powder, which by calcination becoines purple ; by mix- 
ing this powder with three or four times its weight of the 
alkaline folution of flint, drying the mixture, and melting it 
in a ftrong fire for an hour, a mafs is obtained, of a traufparent 
ruby colour, and of a vitreous appearance, which neverthe- 
lefs is folublc in water, or by the moillure of the air, on ac- 
count of the redundance of the fait. The honourable Mr. 
Boyle, in a work publiffied in 1680, mentions an experiment, 
in which a like colour was introduced into glafs without 
fufion ; for, having kept a mixture of gold and mercury in 
digeftion for fome months, the fire was at lall immoderately 
increafed, fo that the glafs burll with a violent explofion 5 
and the lower part of the glafs was found tinged throughout 
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of a tranfparent red colour, hardly to be equalled by that of 
rubies. See Porofity of Bodies, in Shaw's Abridgment of 
Boyle’s Works, vol. i. p. 459 ; and Appendix to 3 ie Soep-^ 
tied Chemift. 

About the fame time Caflitis is faid to have difeovered the 
pi*ccipitation of gold by tin, and that glafs might be tinged 
of a ruby colour by melting it with this precipitate ; though 
he decs not appear, fays Dr. Lewis, from his treatife Dc 
Auro, to have been the difeoverer of either. He deferibes 
the preparation of the precipitate and its ufe, but gives no 
account of the manner of employing it ; only that he fays, 
one dram of gold, duly prepared, will tinge ten pounds of 
glafs. See Gold precipitate with tin. 

This procefs was foon after brought to pcrfedlion by 
Kunckel ; who fays, that one part of the precipitate is fufiicicnt 
lo give a ruby colour to 1280 parts of glafs, and a fenffhle 
rednefs to upwards of 1900 parts ; but that the fuccefs is 
by no means conftant. Kunckcl alfo men lions a purple-gold 
powder, refembling that of Neri, which he obtained by in- 
fpiflating folution of gold to drynefs, abflrafting from it 
freffi aqua regia three or four times, till the matter appears 
like oil; then precipitating with ftrong alkaline ley, and 
waffling the precipitate with water. By diffolving this pow- 
der in Tpirit of fait, and precipitating it again, it becomes, he 
fays, extremely fair ; and in this ttate he mreds it to be mix- 
ed with a due proportion of Venice glafs. 

Orfchal in his treatife entitled Sol fine Vefte, gives the 
following procefs for producing a very fine ruby. He di- 
rects the purple precipitate, made by tin, to be ground with 
fix times its quantity of Venice glafs into a very iSne powder, 
and this compound to be very carefully mingled with the frit 
or vitreous compofition to be tinged. His frit confifts of 
equal parts of borax, nitre, and fixed alkaline fait, and four 
times as much calcined flint as of each of the falls ; but he 
gives no directions as to the proportion of the gold precipi- 
tate, or mode of fufion. FIcllot deferibes a preparation, 
which mixed wiili Venice glafs, was found to give a beau- 
tiful purple enamel. This preparation confifts of equal 
parts of folution of gold, and of folution of zinc in aqua 
regia, mixed together with the addition of a volatile fait pre- 
pared from fal ammoniac, in quicklime, in fufficient quantity 
to precipitate the two The precipitate is then gra- 

dually heated, till it acquires a violet colour. However, 
though a purple or red colour, approaching to that of ruby, 
may, by the methods above recited, be baked on glafs or 
enamels, and introduced into the mafs by fufion, tlie way of 
equally difFuling fnch a colour through a quajitity of fluid 
glafs is Hill, fays Dr, Lewis, a fecret. The following pro- 
cefs for making the ruby glafs was communicated to Dr. 
Lewis by an ariift, who aferibed it to Kunckel. The gold 
is diredled to be diffolvcd in a mixture of one part of Ipirit 
of fait, and three of aqua-fortis, and the tin in a mixture of 
one part of the former of ibcfe acids witli two of the latter. 
The folution of gold being properly diluted with water (fee 
Govsi precipitate^, &c.) the folution of tin is added, and the 
mixture left to Hand till the purple matter has fettled to the 
bottom. The colourlcfs liquor is then poured off, and the 
purple fediment, while moift and not very thick, is thorough- 
ly mixed with powdered flint or fand. This mixture is well 
ground with powdered nitre, tartar, borax, and arfenic, and 

ihf* rniT»Tiniin#t ...I.L _ r.*. t » 


...w. ..u.vwTia 0 v^wui. x'lm. xeenn. p. 171. 621, &c. 

Glass, white-ftpaque, and ftm4ranfparent^ may be made of 
ten pounds of eitner of the compofiuons for huA glafs, and 
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mne pound of well calcined hom, irory^ or bone ; or an opaque 
whitenefs may he given to glafs, by adding one pound of 
very white arfcnic to ten pounds of flint glnw. Let them be 
well powdered and mixed, by grinding them together ; and 
tlien fufed with a moderate heat, till they are thoroughly in- 
corporated. A glafs of this kind is made in large quan- 
tities at a manufadVure near London, and ufed not only for 
different kinds of vefTcIs, but as a white ground for enamel 
in dial«plates and fnuff-boxes, which do not require fiiiifhing 
with much fire, becaufc it becomes very white and fufible 
with a moderate beat. 

Glas^> Teilow. See Goldm^cohured Glass. 

Glass- W/j, which arc circular or otherwife fhaped hollow 
veflds of glafs, may he coloured within, fo as to imitate 
the femi-pellucid gemji. The method of doing it is this : 
make a llrong folutiou of ichtliyocolla, or iiin^afs, in com- 
mon water, by boiling ; pour a quantity of this while warm 
into the hollow of a white glafs vcflcl ; (bake it thoroughly 
about, that all the fides may be wetted, and then pour off 
the reft of the moifture. Immediately after this, throw in 
red lead, (hake it and turn it about, throw it into many places 
with a tube, and the moillure will make it Hick and run in 
waves and pretty ligwes. Then throw in fome of the pain- 
ter’s blue fmalt, and make it run in waves in the ball as the 
red-lead ; then do the fantc witli verdigris, next with orpi- 
ment, then with red lake, all well ground ; always calling 
in the colours in different places, and turning the glafs, that 
the moifture within may run them into the waves. Then take 
fine plaftcr of Paris, and put a quantity of it into the ball ; 
fliake it alfo nimbly about ; this will every where Hick firmly 
to the glafs, and give it a ftrong inner coat, keeping all 
tlie colours on very fairly and ftrongly. 

Thefe are fet on frames of carved wood, and much eilcem- 
cd as ornaments in many places. Neri. 

GhKS&'drats, See Rupert's drops. 

Glass, FoUat’m^ of* See Foliatixci and Looking- 
class. 

Glass^ 4 //, or fandivery is the feum of the glafs pots, 
which arilcs during the vitrification of thc/rit. See Gla 5 ,s, 
fupra. 

Glass, gilding of. See Gilding of enamel and glafs. 

Glass, grinding of . See Grinding 

Glas.s-/&oi^ Furnaesy is the place in which the ingredi- 
ents or materials of glafs are fufed and vitrified. There are 
three kinds of furnaces ufed in the glafs-works. The fffly 
called the calcar,” ferves for preparing or calcining the fnt. 
It is made like an oven, lo feet long, levcn broad, and two 
deep. Tlie fuel, which is fca-coal, is put in a trench, on one 
fid • of the furnace ; and the flame reverberates from the roof 
back upon the frit. The coals burn in an iron grate, and 
the afhes fall thence into holes underneath. 

H^vcfecond is the “ working furnace,’* in which the ingre- 
dients are melted, and the glafs is made. Its figure is 
round, rcfembling a dome," three yards in diameter, and two 
high, fupported on arches, beneath which is a large fpace for 
a briik and copious draught of cold air frpm without : round 
tlie infide there arc arranged eight or more pots, and on thefe 

S -pots, every where clof^ except at one fide opening, 
communicates with a fmall receft formed by the alter- 
nate projedlions of the mafoory and flues of the oven or kiln, 
in which recefs the workmen itand. The furnace has two 
partitions 5 the lower, feparating the pots from the fire-place, 
has a circular hole in the centre covered with a grate, through 
which the flame paffes from the fire-place into the furnace, 
being afterwards reverberated from the arched fides and roof 
to the melting-pots, and pafling out with the fmoke through 
the top of dome, which is lengthened into a chimney tor 


GLASS 

the fpace of a few feet. The lecond partition divides thir 
from the leer or annealing furnace ; through the boccas, op 
working holes, when there are more than one, the metal is 
taken out of the pots, and the pots put into the furnace ; 
tliefe boccas arc flopped with moveable covers, made of lute 
and brick to fcreeii the eyes of the workmen from the fire ; 
and fometimes on each fide of the bocca is a boccarella, out 
of which coloured glafs, or finer metal is taken from the piling- 
pot. To the furnace likewife occafionally belong ovens, or 
holes near the Ict-r, for the calcining of tartar, iron, &c. 

The leer, whicli ferves to anneal and cool the veffcls, and 
which Agricola makes a particiilur furnace, confifls of a 
lower, helides the leer; the tower lies dirvttly over the 
melting furnace, with a partition betwixt them about a foot 
thick, having an aperture called occljtoy or lumellay through 
which the flame or lieut afeends out of the furnace into the 
tower: on the floor or bottom of this tower, the veffels, 
falhioned by the artift, are fet to be annealed ; ^nd as the 
flame has here a lefs degree of intenfity than that which is 
fullainedby the pots, the veffels, after they have been formed, 
cool flowly and gradually. This has ufually tw'O boccas, 
or mouths, by wwiich the glaflKs are put in with a fork, and 
ilaced on the flour. The leer is an avenue, five or fix yards 
ang, continued to the tower; through this the glaffes, 
when annealed, are drawn in iron })an 8 , called frachesy by 
which thyy come to cool by degrees, being quite cold by 
the time they reach the mouth of the leer, which enters 
the farofel,’’ or room when? the glaffes are to be fet. 

The third is the “ grecu-gliifs furnace,’* which is a kind 
of compound of all the former. It is made fquare, (the two 
former being circular,) having an arch at each angle for an- 
nealing and cooling the glaffes. The metal is wrought on 
two oppofite fides, and on the other two they have their 
culcart!, into w'hich are made linnet-holes for the fire to 
come from the furnace, to bake the frit, and alfo to dif- 
charge the fmoke. Fires are made in the arches to anneal 
the veffels, fo that the whole procefs is done in one furnace. 
The materials with which the infides of thefe furnaces are 
conftrufted are not ordinary brick (which would foon melt 
down into glafs, as w’^ould alfo all the fofter Hones,) but 
hard and Tandy kinds, called by Impeiratus “ pyramachia.’^ 
But when bricks are ufed, tliey fhould be formed of an earth 
which poffeffes in the highefl degree the qualities of denfity 
and infulibility, for refifling tin: bre, which continues to a& 
upon them, without ceffation for a long time; as the fires in 
a glafs-houfe are fiJdom fuffered to go out, from the time 
w'hen the furn.ice is firft employed till it needs repair, and 
the intervjil may be tw’o or three years ; the walls of the fur- 
nace, tor this reafon, as well as the pots, arc conHrufled 
chiefly of clay, mixed with fand, and other materials of a 
refrartory kind, in due proportion. iSee Gl.Asa^pots. 

Glass of leudy a glafs made with the addition of a large 
quantity of le ad, of great ufe in the art of making counter- 
feit gems. The met nod of making it is this: put a large 
quantity of lead into a potter *8 kiln, and keep it in a Hate 
of fufion with a moderate fire, till it is calcined to a grey 
loofe powder: then fpread it in the kiln, and give it a 
greater heat, continually Hirring it to keep it from running 
into lumps; continue this feveral hours, till the powder be- 
come of a fair y(rlloW; then take it out and lift it fine: tbi* 
is called calcined lead. 

Take of this calcined lead fifteen pounds, and ciy^ftallinc,. 
or other, frit, twelve pounds ; mix thefe as wcU as Mflible 
together; put them into a pot, and fet them in the funuice 
for ten hours; tlien call the whole, which will be now per- 
fedly melted, into water; feparatc the loofe lead £rom its 
and return metal into the pot;, and after itanding in 
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fufion twelve liours morCf it will be fit to work. It is very 
tender and brittle, and muft be worked with great care, 
taking it flowly out of tlie pot, and continually wetting the 
niarbfe it is wrought upon* Neri* 

It is well known, that cenifs, or white lead, minium, li- 
tharge, and all the other preparations and calces of lead, 
are cafily fufed by a moderate fire, and formed into a tranf- 
parent glafs of a deep yellow colour. But this glafs is fo 
penetrating and powerful a flux, that it is neceflary to give 
It a greater conuilence, in order to render it fit for ufe. 
With this view, two parts of calx of lead, e, minium, 
and other parts of fand, or powdered flints, may be put 
into a crucible of refradory clay, and baked into a compaifl 
body. Let this crucible, well clofed with a luted lid, be 

E laced in a melting furnace, and gradually heated, for an 
our, or an hour and a half ; and aiterwards let the heat be 
increafed, fo as to obtain a complete fufion, and continued 
in that ilate for the fame time: let this crucible remain to 
cool in the furnace, and when it is broken, a very tranfpa- 
rent yellow- coloiued glafs will be found in it. Some add 
nitre and common fait to the above mixture, hecaufe tliefe 
falts promote the fufion and the more equal diftribution of 
the fand. This glafs of lead has a confiderahlc fpccific gra- 
vity, and its loweil part is always the heavieil. It is an im- 
portant flux in the aflays of ores to facilitate their fcorifica- 
tions. 

Glafs of lead is capable of all the colours of the gems in 
very great perfeAion. The methods of giving them are 
thefe: for green, take polverine frit twenty pounds, lead 
calcined fixteen pounds; lift both the powders very fine; 
then melt them into a glafs, feparating tlie unmixfd lead, 
by plunging the mafs in water; after this return it into the 
pot, and add brafa thrice calcined fix ounces, and one penny- 
weight of crocus martis made with vinegar; put this in at 
fix different times, always carefully mixing it together; let 
it finally fettle an hour, then mix it together, and take a 
proof of it; when the colour is right, let it fiand eight 
hours, and then work it. If indeacf of the calcined brafs 
the fame quantity of the caput mortiuim of the vitriolum 
veneris be ufed, the green is yet much liner. 

For topaze-colour take cryftal frit fifteen pounds, cal- 
cined lead twelve pounds ; mix them well together, by fift- 
ing the powders through a fine fieve ; then fet them in a 
furnace not too hot, and feparate the fuperfluous uanitxed 
lead, by calling the whole into water; repeat this twice; 
then add half gold yellow glafs, and let them incorporate 
and purify, and they will be of the true and exa6l ccuotir of 
the original topazes. 

For fea-green, take cry Hal frit fixteen pounds, calcined 
lead ten pounds; mix and lift them together, and fet them 
in a pot in a furnace : in twelve hours the whole will be 
melted; then call it into water and feparate it from the 
loofe lead; put them into the furnace again for eight hours; 
then feparate the loofe lead by wafliing a fecond time, and 
return it to the pot for eight hours more. Neri. See Gems. 

Glass, PairUing m. The primitive manner of painting in 
glafs was very fimple, and of confequence verv ealy ; it con- 
fided in the jnere arrangement of pieces of glafs of different 
colours, in fome fort of fymmetry; and conftituted a kind 
of what we call Mofaic nvork* 

Afterwards, when they came to attempt more regular de- 
figns, and even to reprefent figures raifed with all their 
(liades, their whole addrefs went no farther than to the draw- 
ing the contours of the figures in black, with water colours, 
and hatching the draperies, after the fame manner, on glafi’es 
of the cqlour of the obje^ intended to be painted. lor the 
carnations, they chofe glafs of a bright red; upon which 


they defigned the principal lineaments of the face, flee, with 

black. 

At laft the tafte for this fort of painting being confidcr- 
ably improved, and the art being found applicable to the 
adorning of churches, bafilicas, flee, they found means of 
incorporating the colours with the glafs itfelf, by expofing 
them to a proper degree of fire, after the colours had been 
laid on. , . , 

A French painter at Marfeilles is faid to have given the 
firll notion hereof, upon going to Rome, undeb the pontifi- 
cate of Julius II. But Albert Durer, and Lucas of Ley- 
den, were the firft that carried it to any height. 

The colours ufed in painting on glafs arc very different 
from thofe ufed either m painting in oil, or water. 

The black is made of two-thirds of flakes, or fcalcs of 
iron, beaten up, and mixed with another third of rocaille, 
or little glafs beads. White, with fand, or little white peb- 
bles, calcined, pounded in a mortar, and afterwards ground 
on marble ; with one fourth-part of falt-petre, added there- 
to, and the mixture calcined and p^verized over again : to 
which, when they are ready to ufe it, is added a little gyp- 
fum, or plafter of Paris well ground, flee. For yellow^ 
they ufe leaf-filver ground, mixed up in a crucible, with 
fulphur or falt-petre; then well beaten and ground on a 
porphyry ftone; and, at length, ground over again with 
nine times as much red ochre. Red is made of litharge of 
filver, and fcalcs of iron, gum Arabic, ferretta, gliffs-mds, 
and blood-ftone, nearly in equal quantities. This is one of 
the moll difficult colours, and the preparation only to be 
learoed by experience. Green is made of aes uftum, one 
ounce; as much black lead, and four ounces of white fand, 
incorporated by the fire. After calcination, they add a 
fourth part of falt-petre : after a fecond calcination, a fixth 
part more : after which they make a third co£lion before it 
18 ufed. jizure^ purple, and violets^ are prepared like wen, 
only leaving out the aes uftum, and in the lieu thereof ufing 
fulphur for azure; perigueux for purple; and both theie 
drugs for violet. Carnations are made of ferretta and ro- 
caille. And laftly, colours for the liair, trunks of trees, flee, 
are made of ferretta, rocaille, flee. 

This account of colours we have from M. Felibicn*s ex- 
cellent work Des Principes d’Architeflure, flee, though it 
mull be owmed, that all the painters on glafs do not ufe 
them; there bdng few artifts of that kind but have in- 
vented their own particular ones, whereof they ufually 
make great fecrets. But this is certain, that thefe above 
deferibed are fiifficient for the beft paintings of all forts ; 
provided the perfon has but the flcill to manage them. 

In the windows of divers ancient churches, chapels, col- 
leges, flee, we meet with the moll beautiful and lively 
colours imaginable; fuch as far exceed any ufed among 
us ; but it is not that the fecret of making thofe colours 
is loft ; but that the moderns would not go to the cx- 
pcncc of them ; nor take all the neceflary pains ; becaufe 
this fort of painting is not now fo much cllcemed as 
formerly. 

Mr. Walpole, in his Anecdotes of painting in England, 
has traced the hillory of this art from the reformation, 
when mifguided zeal deftroyed moll of the monuments 
of it in our churches, through a feries of profeffors to the 
prefent time. Among the later proficients in this sut 
wTre Ifaac Oliver, who painted the windows at Chrift- 
church, Oxford, in 17^; William Price, wdio in the 
fame year painted the windows in Merton chapel ; William 
Price, the fon, to whofe art we owe the windows at 
Queen's, New% college, and Maudlin, of whom Mr. 
Walpole ^ays, that his colours are fine, his drawing 
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goody and his tafte in ornaments and Mofaic far fuperior 
to any of his predeceflbrsy and equal to the antique. 
In I 76 iy Mr. Paterfon, an aiidtioneer late of Eflex-houfe 
in London, exhibited the two firil audions of painted ^lafs 
imported from Flanders ; and undertook alfo to eilabhlh a 
manufadure of painted glafs ; fereral of the pieces of this 
ingenious artift exhibitea colours vying in perfedion with 
the old paintings. 

Thofe beautiful works, among the painters in glafs, which 
were made in the glafs-hoiife, were of two kinds : in fome, 
the colour was di flu fed through the whole body of glafs ; 
in others, which were the more common, the colour was 
only on one fide, fcarcc penetrating within the fubilance 
above one-third of a line ; tliough this was, more or lefs, 
according to the nature of the colour ; the yellow being al- 
ways found to enter the deepeft. 

'riiefe laft, though not fo flrong and beautiful as the 
former, were of more advantage to the workmen ; becaufe, 
on the fame glafs, though already coloured, they could flicw 
other kinds of colours, w^here there was occafion to embroider 
draperies, enrich them with foliages, or reprefent other or- 
naments of gold, filver, 5cc. 

In order to this, they made ufe of emery ; grinding, or 
wearing down the furface of the glafs, till Uich time as 
they were got through the colour, to the clear glafs : tliis 
th>ne, they applied the proper colours on the other fide 
of the glafs. By this means the new colours w'ere pre- 
vented from running and mixing among the former, when 
tlie glaflbs came to be expofed to the fire, as will hereafter 
be fhewn^ 

When the intended ornaments were to appear white, or 
filyered, they contented themfelvcs to bare the glofs of its 
colour unth emery, without applying any new colour at all ; 
and it was in this manner that they wrought the lights and 
heightenings on all kinds of colours. 

The painting with vitreous colours on glafs depends en- 
tirely on the lame principles as painting in enamel ; and 
the manner of executing it is likewife the fame ; except 
that in this tlie tranfoarency of the colours being indif- 
pcniibly requifite, no uibflances can be ufed to form them 
but fiicli as vitrify perfcdlly; and, therefore, the great 
obje£l is to find a fet of colours, which are compofed of 
fuch fubilances, as, by the admixtMre of other bodies, 
may promote their vitrification and fufion ; are capable of 
being converted into glafs; and melting, in that flate, 
with lefs heat than is fufficient to melt fuch other kinds 
of glafs as may be chofen for the ground or body to be 
painted ; to temper thefe colours, fo as to make them 
proper to be worked with a pencil ; and to burn or reduce 
them by heat, to a due ftate of fufion, without injuring 
•r melting the glafs which conftitutes the body painted. 
The firft thing to be done, in order to paint on glafs, in 
the modern way, is to defigri, and even colour, the 
whole fubjeft on paper. Then they make choice of pieces 
of glafs proper to receive the feveral parts, and proceed 
to divide or diflribute the defign itfelf, or the paper it is 
drawn on, into pieces fuitable to thofe of glals; having 
always a view that the glaffes may join in the contours 
of the figures, and the folds of the draperies ; that the 
carnations and other finer parts may not be damaged 
by the lead wherewith the pieces are to be joined toge- 
ther. 

The diftribution being made, tliey mark all the glafles, 
as well as papers, with letters, or numbers, that they 
may be known again ; which done, applying each part 
of the defign on the glafs intended for it, they copy or 
transfer the defign upon this glafsi with the black colour, 
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dOuted ia gum-water ; by tracing and following all th^ 
lines and ftrokes, as they appear through the gfaft, with 
the point of a pencil. 

When thefe firft ftrokes are well dried, which happerfs 
in about two days, the work being only in black and 
white, they give it a flight wafti over, with urine, gum 
Arabic, and a little black ; and this feveral times repeat- 
ed, according as the (hades are defired to be heightened ; 
with this precaution, never to apply a new waflj, till tlie 
former is fufficienfly dried. This done, the lights and 
rifings are given, by rubbing oft’ the coUiur in the refpec- 
tive places, with a wooden point or the handle of the 
pencil. 

As to the other colours above-mentioned, they f re ufed 
with gum-water, much as in painting in miniature ; taking 
care to apply them lightly, for fear of effacing tlK‘ out- 
lines of the defign ; or even, for the greater fecurity, to 
apply them on the other fide, efpccially yellow, which 
is very pernicious to i>ther colours, by blending there- 
with. 

And here too, as in pieces of black and white, parti- 
cular regard mud be always had, not to lay colour on co- 
lour, or lay on a new lay, till fuch time as the former are 
well dried. It may be added, that the yellow is the only 
colour that penetrates through the glafs, and incorporate? 
therewith by the fire ; the reft, and particularly the blue, 
which is very diificiilt to ufe, remaining on the furface, 
or at lead entering very little. When the painting of all 
the pieces is finilhed, they are carried to the furnace or 
oven, to anneal or bake the colours. The furnace here 
ufed is fmall, built of brick, from eighteen to thirty inches 
fquare : at fix inches from the bottom is an aperture, to 
put in the fuel, and maintain tlie fire. Over this aper- 
ture is a grate, made of three fquare bars of iron, which 
traverfe the furnace, and divide it into two parts. Two 
inches above this partition is another little aj erture, through 
which they' take out pieces, to examine how the co£Hoa 
goes fortvard. 

On the grate is placed a fquare earthen pan, fix or feve« 
inches deep ; and five or fix inches Icfs, every way, than 
the perimeter of the furnace. On one fide hereof is a 
little aperture, through vvhich to make the trials, placed 
diredlly oppofite to triat of the furnaces deitined for the 
fame end. 

In this pan are the pieces of glafs to be placed in the 
following manner ; firft, the bottom of the pan is covered 
with three ftrata, or layers of quicklime, pulverized ; 
thofe llnita being feparated by two others, of old broken 
glafs ; the defign whereof is to feciire the painted glafs 
from the too intenfe heat of tlie fire. Tliis done, the glaffe? 
ate laid horizontally on the laft, or iipperinoft, layer of 
lime. 

The firft row of glafs, they cover over with a layer of 
the fame powder an inch deep ; and over this they lay an- 
other range of glafles : and thus alternately, till the pan is 
quite full; taking care that the whole heap alw'ays ends 
with a layer of the lime-powder. 

The pan thus prepared, they cover up the furnace with 
tiles, on a fquare table of earthen -ware, clofely luted 
all round ; only having five little apertures, one at eack 
comer, and another in the middle, to ferve as chim- 
nies. 

Things thus difpofed, there remains nothing but to give 
the fire to the worlt. The fire for the two firft hours niu(l 
be very moderate ; and muft be increafed in proportiou 
as the co£^ion advances, for the fpace of ten or twelve 
hours; in which time it is ufually completed. At 
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the fire, which at firft was only of charcoal, is to be of 
dry v/ood : fo that the flame covers the whole pan, and 
even iffues out at the chimnies. 

During the laft hours, they make aflays from time to 
time, by taking out pieces laid for that purpofc, through 
the little aperture of the furnace, and pan, to fee whe- 
ther the yellow be perfe^l, and the other colours in good 
order. When the annealing is thought fufficient, they 
^proceed with great hafte to extinguffh the fire, which 
otherwife would foon bum the colours, and break the 
glafles. Sec Pa inti kg. 

Glass, painting anf by mtam of pmts. See 

Glass, poi/bing of See Polish ivo and Grivdiko. 

GhW^^-porcelaitly the name given hy many to a modern 
invention of imitating the china-ware with glafs. The me- 
thod given by M. Reaumur, wlio was the lirit that carried 
the attempt to any degree of perfe(Jlion, is delivered by that 
gentleman in the Memoirs of the Academy of Sciences of 
Paris, to tlws effeft. This change of glafs was firll taken 
notice of by Neumann, who, in diftilling milk in a glafs 
retort, obfervod, that the bottom of the velfel acquired the 
appearance of j'orcclain, which he attributes to the fine 
white earthy matter of the milk forced into the glafs by heat. 
Neiun. Chem. Works by Dr. Lewis, p. 571. 

The mixing of glafs redexed to powder, with other Icfs 
cafily vitritlable fiibllances fur forming a pafle, to be after- 
wards made into a fort of a p<5rcelain, has been a contrivance 
long pradlifed, but it is very troublefome, and the refult 
fubjeft to many faults ; but this new ware is made of glafs 
alone, and that with much lefs trouble, anvl without tlie 
reducing it to powder. By this art, vcffels of glafs are 
changed into veflds of a fort of porcelain, without altering 
their form, and the moanell glafs made only of faiid, lime, 
and falioe aflies, ferves as well as the beft for that purpofe : 
our common coarfe green qua-'t-bottles, or the great bell 
glaflej? willi which gardeners cover their melons, 5 cc* being 
by this means changeable into a beautiful white fort of por- 
celain ware ; and this is to be di)ue in lo cafy a manner, and 
with fo fmall cxpcncc, that it requires no more trouble or 
charge, than that of baking a common vedel of our coarfe 
earthen-ware; and for this rcafon tlie veffcls of tliisfort of 
ware may be uiTurdcd extremely cheap. 

It Is very cerl.iiii, lliat all porcelain ware is a fubllancc 
in tlie (late of femi-vitrificatiou : and in order to brin^ glafs, 
which is a wholly vitritvHl fiibllancc, into the condition ot 
porcelain, lijcre retjuires no mure than to reduce it to a lels 
,-erredlly vitrified Ratr, 

The quell i in whh-h would naturally be darted on this oc- 
cafiou, IS, whcih'T il be pofiibie to reduce glafs to a Icfs 
vilrlfied dale, it having already undergone what is eiUerned 
the hlk change by fire. But w!jcn we cunfider, that tlie 
juafs of antimony, the vitrifications of many of the inctals, 
ns the glafs of lead, and the counterfeit gems cohuircd by 
the metals, arc more or lefs cafily reduced again by che- 
inulry to metals, &c. the reducing of fund, flints, 8c c. after 
they arc vitrified, at leuil a little way back Io.v^aI th.-ir 
native or priiliue Hate, may apjx*ar not wholly unpraericable, 
and the attempts whicli M Reaumur made on tills occalion, 
were what gave him tii<' firll hints of the glar&-purce!alii ; 
called from his name “ Reaumur’s porcelain." 

The method of making it is this. The glafs vcfills to be 
converted into procelai i are to be put into a large earthen 
vclfel, fuch as the common fine earthen difhes are baked in, 
or into fufficiently large crucibles ; the vcfiels are to be filled 
wfith a mixture of fine white fand, and of fine gypfum or 
plailcT-ttone burnt into what is called plafter of Paris, and 
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all the interftices are to be filled up with the fame pow^dett 
fo that the glafs veffcls may no where touch either one air 
other, or the iidcs of the vcffcl they are baked in. The vefftl 
is to be then covered down and luted, and the fire does the 
reft of the work ; for this is only to be put into a common 
potter's furnace, and when it has flood there tlie ufual time 
for the baking of the other vcfTels, it is to be taken out, and 
the whole contents will be found no longer glafs, but con- 
verted into a white opaque fubftance, which is a very elegant 
porcelain, and has alnioft the properties of that of China. 
Memoirs Acad, Sciences Par, 1739. 

The powder which has ferved once, will do again as well 
as frelh, and that for a great many times : nay, it feems, 
ever fo often. The caufe of this transfiirmation, fays Mac- 
quer, is probably that the vitriolic acid of the gypfum quits 
itsbafisof calcareous earth, and unites with the alkaline fait 
and falinc earth of tlie gjafs, witli which it forms a kind of 
fait or felenites, di fieri ng from the calcareous felenites, by 
the interpofition of which matter the glafs acquires the 
qualities of porcelain. Dr. Lewis, from a variety of ex- 
periments un the nature and qualities, and method of pro- 
ducing this porcelain, has deduced the following conclu- 
fions : i . Green glafs ct mented with white fand received no 
change in a heat below ignition : in a low red-heat, the 
change proceeded very lh)\vly ; but in a ftrong red-hcat, ap- 
proaching to vihiteneiV., the thickefi pieces of glafs bottles 
were thoroughly clninged in three hours. 2. TJie glafs 
fiiftained the following progrefiion of changes. Its furfacc 
firll became blue ; its trail fparence was diminilhed, and 
when held between the light and the eye, it appeared of a 
ycllowifii lino : afterwards it was cliangrd a little way on 
both lides into a white fiib fiance, extenraTly Hill blucifh ; and 
as this change advanced Hill farther and farther within the 
glafs, the colour of the vitreous part in the middle ap- 
proached nearer to yellow : the white coat was of a fine 
iibrous texture, and the fibres were difpofed nearly parallel 
to one another, and tranfvcrfe to the thieknefs of the piece; 
by degrees the glafs became throughout white and fibrous, 
the external blueifiincfs at the fame time going off, and being 
fucceedod by a dull whitifli or dun colour : by a Hill longer 
continuance in tlie fire, the fibres were changed gradually 
from the external to the internal jnirt, and converted into 
grains ; and the texture then was not unlike that of common 
porcelain. The grains, at firll fine and fomewhat glofiy, 
appeared afterwards larger and duller, and at length the 
fuh fiance of the glafs hecainc porous and friable, like a 
iiiafs ol white fund flightly cohering. 3. Concerning th.c 
qualities of the converted glafs Dr. Lewis ob ferves, that the 
wliitenefs of the int(*rnal part Wi.s not inferior to that of 
piTcelalu, but that its furface Avas the Icall beautiful ; that 
the thick pieces were quite opaipic, and tliat fcverul tlyn 
pieces were femi-tranfparent ; that wliile it remaintd in a 
fibrous Hate, its hardiiefs became greater tlian that of glafs, 
or of tlie common kinds of porcelain ; it was capable of 
fuilaiiiiiig fufldcn changes of heat and cold better than any 
po eelain ; and in a moderate white heat, it was fufiblc into 
a fubilaiice not fibrous, but vitreous and fmooth, like white 
enamel ; that when its texture liud been coarfely granulated, 
it was now much fofter and unfiifiblc ; and, laHly, that 
when fomc coarfely gramilaicd unful blc pieces >vhich, with 
the continuance of a moderate lioat, would have become 
porous and friable, were fiiddcniy expofed to an intenfe fire, 
they were rendered remarkably more compa£l than before ; 
the folidity of fume of them being fuperior to that of any 
other ware, 4. No differences appeared in the inten.al 
colour, harjtlncfs, texture, or the regular fuccefiion of 
changes, from the ufc of difierent cementing fubHautres; 
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though in external appearances the differences were confidcr- 
able. All the pieces wliich had hee?) furrounded with caar- 
coal or with foot were externally of a deep black colour, 
which did not difappear by cxpofjre to a ftrong fire during 
an hour, with free accefs of air. Coloured clays and fands 
coinmunicated different lhadcsof a brown coloiif i and white 
earths gave whitiih, greyifii, or brovvnifh tinges. White 
(and, calcined flints, and gypfum, gave in general tlie 
greateff whitenefs, and tobacco-pipe clay the greatell gloffi- 
nefs and brightnefs. Glaffes compofed of earths without al- 
kaline fait, glafs of lead, flint-glafs, crown-glafs, looking- 
glafs plates, a glafs prepared with calcined flints and a fixed 
alkaline fait, and even green glafs which had been fiifed toge- 
ther with a ninth part of alkaline fait, fuffered none of the 
above alterations by cementation. Green bottle-glafs and 
common window-glafs were mo!l fufceptible of thtd*e altera- 
tions. 6. The changes produced by cementation could not 
proceed from any abforption of matter from the cementing 
fubilancc ; becaufe no increafe of weight was given, and 
becaufe the fame changes were produced upon a piece of 
glafs merely by heal, without any cementing fubftance. 
See Com. Phil Techn. p. 230 — 255. 

Mr. Gregory Watt, in his valuable paper on bafalt (Phil. 
Tranf. for 1 804, cited by Aikin,) alleges this porcellanous 
change of ghfs as an illuftration of his important principle, 
ws. that bodies whofe fibres have a natural tendency to a 
cryflalline arrangement, or a polarity, when vitrified by a 
fulficient heat and cooled haftily in the vitreous Hate, are able 
fiibfequcntly to return to their natural cryftnlline arrange- 
ment of fibre, when expofed to a heat merely fufficient to 
foften the texture, though not enough for fufion. This, 
in the inftance of bafalt, he fliews by the fingular cryftalli- 
zations formed in the cells of fufed bafalt, long after it had 
loft the liquidity of fufion. The circumftance of no mate- 
rial change occurring in the weight of glafs by this conver- 
fion into the fibrous ftate, (hews incontcilably that it cannot 
be owing cither to any thing gained during the procefs, nor 
to any material lofs of the alkali ; and this is alfo rendered 
maniteft by its return to the vitreous ftate and vitreous quali- 
ties when again melted. This too may again be porcel- 
lanizcd in the fame way, and again be melted into glafs, 
and fo on alternately.” See Poucfxain. 

GLA.ss-pa/z, the veffels in the glafs maniifa^lure ufed for 
melting the glafs. Thofe for the white glafs works are made 
of a tobacco-pipe clay, brought from the Ifle of Wight, 
which is firft well walhed, then calcined, and afterwards 
ground to a fine powder in a mill ; which being mixt with 
water, is then trod with the bare feet till it is of a proper 
confi lienee, to mould with the hands into the proper (hape 
of the veffels. When thefe are tlius made, they are after- 
wards annealed over the furnace. Thofe for the giccn-glafs 
work are made of the nonfucb, and another fort of clay n'om 
Staffordlhirc ; they make thofe fo large as to Iiold three or 
four hundred weight of metal. And beiidcs thefe, they have 
a fmaU fort called piling pots, whicli they fet upon the 
larger, and wliich cont.iiii a finer and, more nice metal fit for 
the niceft works. Ncri. 

The clay that is ufed for this purpofe (lioidd be of the 
purell and moll rcfrailory kind, and well cleanfcd from all 
landy, ferruginous, and j^yritous matters ; autl to tliis it will 
be proper to add ground crucibles, wlutc fund, calcined 
flints duly levigated, or a certain pro))ortion of the lame 
clay .baked, and pounded not very finely. The ^quantity of 
baked clay tlwt ought to be mixed with tlic crude clay,"^ to 
prevent the |wts from cracking u hen dried, or expofed to a 
great heat, is not abfolutcly determined, but depends on 
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the quality of the crude clay, which is more or lefs fat. M. 
D* Antic, in a memoir on this fubiedl, propofes the follow- 
ing method of afeertaining it : the burnt and crude clay, 
being mixed in different proportions, (hould be formed into 
cakes, one inch thick, and four inches long and wide. Let 
thefe cakes be (lowly dried, and expofed to a violent heat, 
till they become as hard and as much contradled as poiTible, 
and in this (late be examined ; and the cake, he fays, which 
has fuffered a diminution of its bulk equal only to an 
eighteenth part, is made of the bed proportions. He ob- 
ferves, in general, that mod clays require that the propor- 
tion of the burnt (hould be to the frefh as four to five. 

It is of great importance that the material of which the 
pots arc made (hould be carefully felcfted, as they are ex- 
pofed to the aflion of a very fierce fire, and alfo to the fol- 
vent adlivity of the glafs w'ith its powerful fluxes. They 
(liould alfo be made very thick and drong, as they are in- 
tended to lad for many months. When fini(hed, • they are 
placed in a warm room in order to difeharge their moidurc, 
and any fmall fiiTurcs arifing from the unequal (hrinkii^ of 
the clay are clofed by gently beating with a mallet. They 
are afterwards gradually heated in a fmall oven, condrudled 
for this purpoic, and (lowly brought to a red heat ; and 
after remaining for fome time in this ftate, they are removed 
to the furnace, and fixed down in their places by fire-clay. 
Here, on account of a further (hrinking, they remain for a 
dav or two before they are fit for receiving the glafs mate- 
rials. Pots of this kind are faid to laft, at an average, about 
a year. 

Glass Tultcs are of various lengths, diameters, and forms, 
according to the purpofes to which they are applied. Thefe 
are often formed with the lamp and blow-pipe, in the manner 
deferibed under the article 'L\WL?-bhwcrs. In this way 
tubes are foaled hermetically (fee Hehmetical Seal)^ tubes 
are bent, others are joined, bulbs are annexed to tubes for 
th^mometers, &c., and glafs is drawm out into threads. 

It has been obferved, that glafs tubes laid before the 
fire in an horizontal pofition, and with their extremities fup- 
ported, have had a rotatory motion about their axes ; and 
alfo a progreflive motion towards the fire, even when their 
fupports are inclined from the fire, fo that the tubes will 
move a little upwards. See Phil. Tranf. N® 476. § i. 

When the progreflive motion of the tube is flopped by 
any obflacle, its motion about its axis will Hill continue. 
Wnen the tubes are placed in a nearly upright pofture lean- 
ing to the right hand, the motion will be from call to weft ; 
but if they lean to tlic left, the motion will be from weft to 
call ; when the nearer they are placed to the i)erfcftly up- 
right pofture, the l*jfs the motion will be either way. 

If the tube be placed horizontally on a glafs plane, the 
fragment, for inftance, of coach window-glafs, inftead of 
moving towards the fire, will move from it, and about its 
axis, in a contrary diredlion to what it liad done before. 
Nay, it will recede from the fire and move a little uptvards, 
when the plane inclines towards fire. 

Neither the draught of air up the chimney, not attraftion 
or repullion, arc the caufe of thefe phenomena. It feems 
rather owing to the fwelling of the tube towards the fire | 
for allovring fuel fwelling, gravity mull jjiill tlic tube down, 
when fupported near its extremities horizontally ; and a 
frefh part being expofed to the fire and fwelling but again, 
muft fall down again, and fo on fucceffivcly ; which will 
produce a rotatory motion towards the fire. 

If the tube be Supported by two other tubes, and thefe be 
brought near to each other, and to the centre of the fup. 
ported tube, then its parts hanging over on each fide, being 
larger than tlic part which lies between the fupporters, will. 
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by their weight, pull downwards, and confequentlv force 
the middle part, reiling upon its two props, upwards^ and 
being lefs advanced towards the fire, as being lefs heated, 
will, by their oblique fituation, pull the middle part back- 
wards alfo from the fire, which will caufe a rotatory regreflive 
motion, quite contrary to what the tube had when fupported 
near its extremities. And when a Angle tube lies inclining 
oppofite to the fire, either to the right hand or to the left, 
out of a plane perpendicular to the furface of the fire, gra- 
vity will not permit the curved part to reft, but pull it 
down till it coincides with a plane perpendicular to the ho- 
rizon 5 and confequer.tly, as new curves are generated, new 
motions will be fo too ; that is, the tube will be made to 
move about its axis, with this difference, when the tube in- 
clines to the right hand, the motion will be from caft to w^eft ; 
when to the left hand, from weft to eaft. The jiiftnefs of 
this reafoning is made manifeft, by bending a wire, and fup- 
porting it firft near its extremities, then near its centre on 
each fide, afterwards inclining it to the right and to the 
loft { the bending in every cafe reprefenting the curved part 
of the tube next the fire. This folution of the phenomena 
is rendered the more probable from hence, tliat when four 
(upporters were made ufe of, one at each exti-emity, and two 
ueur the middle, there was no motion at all, either backward 
or forward. Nor does the increafe of contaA hinder the mo- 
tion, becaufe tlie plate of glafs was fo broad as to have a 
much greater contaft with the tube, and yet both the rota- 
tory and rcgi'cflive motions were manifeft. 

Tliefc experiments fuccccded beft with tubes about twenty 
or twenty-two inches long ; the diameter about one-tenth 
of an inch ; and they had in each a pretty ftrong pin fixed 
ill cork, for an axis to roll with on the fupporting tubes. 
Phil, Tranf. N ' 476. 

Glavs receivers^ how to cement the crachs of. See C.£MENT 
and Ri.C'kivkk. 

Glas:», how to tale the mprejfxon of antique gems See 
Gem. 

The property which glafs poffcffes in common with other 
fubftanccs of being expanded by heat, and contraAed by 
cold, was long ago obferved and evinced by Mr. Hook. 
See Birch’s Hill of the Royal Society, vol. i. p. 411. See 
THr:«MOMKTEU. 

Glass, Laws relating to. No glafs fhall be itmorted 
into Ireland, other than the manufacture of Great Britain, 
on pain of forfeiting the fame, and Ihip, and lor. a pound. 
19 G. II. c. 12. If any foreign glafs mall be landed or un- 
ihipped before entry and payment of the duties, or without 
warrant from the proper officer, the fame (hall be forfeited, 
or its value ; and the mailer or other perfon having command 
of the velTel, and every other perfon concerned in fuch 
IcinJingorunfliipping, (hall forfeit I cx)/. 17 G III. c. 39. 

And by' 38 G. III. c. 33. for preventing the fraudulent 
importation of glafs, every package containing any plate or 
plates of glafs unframed, being patCy erowny or glafs, 
which IhalT be imported, or brou^it into this kingaoin for ex- 
portation, (hall be marked on the outfide in Roman letters 
four inches long at lead, with the word Glass, on pain of 
forfeiture, together wdth the package, and all gooeb con- 
tained in It. The mailer of the veffcl importing fuch package, 
Ihall, in reporting his cargo, exprefs everv (uch package of 
glafsj on pain oi forfeiting the fame, and alio ioo/« Nor 
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fhall any inch package be imported, which fhall not contain 
500 weight, on pain of forfeiture ; but not extending to 
any pla^e of glafs ^ inches in length or upwards, on account 
of tfie package not being marked. By 43 G. III. c. 69. 
For every 100 WTight of materials, fitc. that fhall be mack* 
wC-‘ of in Great Britain for the making of plate or JTtnt glafs y 
or enamelyfained, or pqfteglafsy or phial glafs y (hall be paid by 
the maker thereof if, 12s, SJ , ; for every hundred weight of 
materials ufed in making fpread window gkfsy commonly 
called broad glafs y 8j. td . ; for every hundred weight of mate- 
rials ufed for making all other window glafs (not being 
fpread glafs), whether flaftied, or otherwiie manufadtured, 
commonly called crown glafs, or German fleet glafs y iL 4J. 6 d , ; 
for every hundred wei^t of materials ufed in making com^ 
mon bottles (not being phials), and of veffels ufed in che- 
mical laboratories, and of garden glaffesy and of all other veffels 
or utenfils made of common bottle metal, aj, id,; and for 
every hundred weight of plate glafs, and of all other glafs 
manufaAurcs, which (hail be imported into Great Britain, 
the fame not being flafles, in which wine or oil is imported, nor 
foreign green glais bottles, nor Irifh glafs, or glals manufac- 
tures importedaireAly from Ireland, to be paid by tlie importer 
before the landing thereof, 2/. 2x. And any glafs-maker Avail 
take out a licence, for which he fhall pay toL, to be ivnevvcd 
annually ten days at leaft before the end of the year, on 
the penalty of 50/. 24 G. III. c. 41. 43 G. III. c. 69. 
The place of making glafs fcall be entered, before the com- 
mencement of manufaAure, and all work-houfes, furnaces, 
pots anivaling arches, &c. &c. on pain of forfeiting 200/. 
19 G. 11 . c. 12. 17 G. III. c. 39. 35 G. III. c. 114. 
Officers may enter and furvvy, and mark pots j and any 
perfon counterfeiting or altering fuch mark, or conniving 
at its being done, (hall forfeit 500/. ; or defacing, or caufing 
to be defaced or obliterated fuch mark, incurs a forfeiture of 
200/. 35 G. III. c. 114. , Notice of begirrning to work 
Aiall be given in writing, on pain of forfeiting 20I, 1 9 G. IT. 
c. 12. And notice of filling every pot (hail be given twelve 
hours before the operation is oegun, on pain of 50L 19 G. IL 
c. 12. 17 G. 111 . c. 39. Annealing arches are to be 

made of a certain form, and numbered, on pain of forfeiting 
lool. Annealing arches are to be locked, except at certain 
times ; and breaking fuch lock, 8 cc. incurs a forfeiture of 
200I, 35 G. III. c. 1 14. The fameaA comprehends feve- 
ral other provifions, enforced by certain penalties. Bottles 
arc not to be removed till they are weighed, (penalty joo/.) 
which are to be kept feparate from thole that are unweighed, 
on pain of forfeiting 50/. No pliials, 8 cc. are to be made 
in places entered for making common glafs bottles, on pain 
of forfeiting 200/. Entry (nail be made of the glafs manu- 
faAured every month within the bills, and elfewhere every 
fix weeks, on pain of 20/. The maker, within the bills, 
Aiall, in four weeks, and elfewhere in fix weeks after entry, 
pay oft' the duties, on pain of double duty. If glafs, 
(hipped for exportation, mall be re-Ui(tfed, it (hall be for- 
feited, and every perfon concerned therein fhall forfeit tool, 
17 G. III. c. 39. For the drawbacks on exportation 
of glafs, fee 43 G. III. c. 69. ObftruAing officers in fe- 
curing the duties incurs a forfeiture of 50/. 19 G. 11 . 
c. 12. 17 G. III. c. 39. Penalties are appropriated, half 
to the life of the king, and half to him that (hall fue. 
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GLAUBER, John RoDOLrii,in Biography^^x celebrated 
chemift of Amfterdam, who was efteemed the Paraccifus 
of his age, was born in Germany in the beginning of the 
fixteenth century. He travelled much in the purfuit of 
chemical knowledge, and collefted many fecret proceffes ; 
and his experiments contributed to tlirow much light on the 
compoiition and analyfis of the metals, inflammable fub- 
fiances, and falls. In fa£l he pafled the girater part of his 
life in the laboratory. He did not always h‘e the prop* r 
application of his own experiments, and vainly fancied that 
he hud difeovered the panacea, and the phllolopher’s Hone, 
which were at that time obje6ls of purfuit : and the dif- 
appointment of many perfons, who had be‘'n fednCi d by his 
promifes, contributed to bring the art of chemiilry into 
contempt. His theory is full of obfeurity ; but his prr.ftice 
has perhaps been mifreprefented by thi)fe wholiiUned to 
his vain and pompous pretenfions ; and w!io accufe him of 
a diflionourable traffick, in firft felling his fecrets to chemifls 
at an enormous price, of again difpufnig of tli^m to other 
erfons, and laftly, of making them public in order to extend 
is reputation. Glauber publiflicd about twenty ticutifcs ; 
in feme of which he appears in the charaftcr of phylicnin, 
in others in that of an adept or metallurgift ; in tlie latter 
he moft particularly excelled. However, it would be un* 
juft not to give him the pralfe of acuten^'fi. (i mind, of 
facility and addrefs in the profccution of his experiments, 
and ot extenfive chemical knowledge. He was tlic: inventor 
of a fait, which to this day retains his name in the fliops 
of our apothecaries. The works of Glauber have appeared 
in different languages; the majority of evlitions are in 
German, fome in Latin, and others in French. A col- 
leftion of the whole in Latin was publifticd at Frankfort 
in 1658, in 8vo. and again 1659 in 410. An Euglifh Iranf- 
lation was publiflied by Chriftobher Pack, London, 1680, in 
(plto. £loy. Uifl. Hilt. 

Gi/AUBER Saltf native or natural^ in Mineralogy ^ tli« 
fiilphat of foda of chemills, w^as difeovered by baron Born 
in the fait mines of Upper A uftria; after which Monnet 
Volta, Suckow, Gmclin, Breiflak, Pallas, and others have 
added to the lift of the localities of this faline fubltancc, 
which is more frequently found in a native Hate than lias 
been fuppofed by fome writers. It generally occurs as 
mealy emorefcence ; fometimes maffive, feldom ftalacliti* 
cal or cryftallized: in which latter cafe the cryflals 


arc defenbed as acicular and as fix-fulcd prifms, more or lefs 
flatly acuminated by three planes, Li 011 tlic lateral edges, 
or fometimes on the lateral planes : they are fliining : their 
internal luftre is vitreous. Fraflurc of ihx crylluls fmall 
conchoidal. It varies from tranfparcnt to opaque accordiiijg 
to its frefluicfs. It is brittle. Its tufte is a mixture of fait 
and bitter. Befidcs in the above forms, it occurs alfo, and 
moft frequently, diffolved in certain mineral waters, in the 
neighbourliood of fait mines and fait lakes, where alH) the 
efHorefcencc is moftly found on moorifli ground, fund ilone, 
marie flate, and new walls. For the chemical charadcr of this 
fait, fee Soda, Sulphai of. 

IJrongniart has given the moft complete lift of the locali- 
ties of Glauber fait, In folution it occurs in the waters 
of feveral lakes of Auftria and Lower Hungary, cfpecially 
in that of Neufiedel, between the counties of Oedenburg 
and Wiefelburg. It is met with in Switzerland ; in Spain, 
round a fource in the neiglibourhood of Aranjuez, and near 
Vacia-Madrid, as efflorcfcence, at the bottom of a ravine: 
the fource which ifl’iics from the ravine contains a great 
proportion of this fait. Alfo llie water of the Tagus is 
laid to hold it in folution. In France it has been found near 
Grenoble. The Itecp Tides of the Solfatara of Pouzzole 
yield this fait, in one place, on the north lide. It is 
common in the lakes of Siberia ; and it has been obHrvcd 
that the bottom of the lake Giiniflioi, between Tdion and 
llynlkoy, is covered with a cruft of Glauber fait as foonas 
the temperature is bfdow the freezing point. Pallas tells 
us that the apothecaries of Orenburg annually colleft a 
quantity of tliis fait, which is depoiUed in autumn at the bot- 
tom of a lake between t!ie Tobol and Mioe?. * It is alfo found 
in a lake near Gourief ; in another between Utoilka and 
MiniulkaYa, in the neighbourhood of Eniffey; likewdfe at 
the foot and in the middle of the chains of the Ural moun- 
tains, near Tfheliahinlk : in the lattof thefe places, the fait 
ilfues in the fpring fcafon out of the earth in the form of efflo- 
refcence or froth. Tlie clayey foil of that neighbourhood does 
not contain any G auber (alt ; wlicncc this is fuppofed to be 
formed, in the fame manner as falt-petre ip, at the furfacc of 
the earth, and by the aftion of the atmofphere. Laftly, this 
flit is alfo obtained from the alum-flatc of Duttw^eiier, near 
Saarbriick, in the department of la Sarre, and from the 
aluminiferous waters of Freyenwalde, in Brandenburg. 




GLAZING- Thi^ Roman method of glazing fome of 
tbcir urns might give oai workmen a hint toward a method 
^catly fuperior to any thing now in praftic<? the glax- 
ing ot eartlien-ware. There is a fort of red umi found 
in Yorklhire, which are, inftead of glazing, covered all 
over in fide and out with a fine coral-coloured vaitrtfh, that 
gives them a beauty, which no earthen-ware of our times 
can attain ; and is not only far more durable than our way 
of doing it wilfi lead, which is ttyi to crack and fly, bolli 
with wet and with heat, but far more fafe and wholcfome ; 
and being well known to be a vapourabic metal, and its 
fumes very noxious, tlicre is great rcafoiw to fufpeit that 
it muft be iinwholcfome when brought to the lire. This 
ancient glazing feems to have been done cither by the 
brufh, or elfe by dipping, for boUi the iiifide and out- 
fide are varnifhed with equal regularity; and fomething 
may be guefled at as to the materials they ufed in it, from 
what Pliny has left us. This author occafionally obferves, 
that fuch earthen-ware as was painted with bitumen never 
loll iis beauty; and afterwards, that it was a ciiftomto 
cover over whole flatues with this fort of glazing, whicli 
he obferves did not only make a finootli coat, but lunk int(> 
the matter of the ftone or earth, and therefore this could 
not be likely to crack and fly off like our lead-coats on 
plates, which is merely a criilllaid over them. Ilook^a 

Philof. Collea. p. 89. 

A common glazing for any kind of earthen-ware may he 
made of wliite fand forty pounds, of red-lead twenty 

f iounds, of pearl-afhes twenty pounds, and of common 
alt twelve pounds# Powder the faud by grinding it, and 
then add it to the other ingredients and grind them toge- 
ther ; after which calcine them for fome time with a mo- 
derate heat, and when the mixture is cold, pound it to 
powder ; and when wanted for ufe, temper it with water* 
The . proportion of thefe ingredients may be occalionally 


varied. We may obferve, iii general, that lead ought to 
be excluded from the compofition of glazings, and other 
fluxes fubftituted in its ftead. See Colica Dammoniorum. 

A tranfiiarent glazing may be prepared, without lead^ 
by calcining forty pounds of white land, twenty-five pounds 
of pcarl-afties, and fifteen pounds of common fait; and 
proceeding as befoto ; and a more perfect trdiifparent glar- 
ing mny be made of fand forty pounds, of wood-aftics 
l)erfcftly burnt, fifty pounds, of pearl-afhes ten pounds^ 
and of common fnlt twelve poiindis# The fol’owing recipes 
are taken, for the moll part, from Kunckel, who lays 
that tiny are the true glazings ufed at Delft^ and otlicr 
Dutch manufadories. 

' Gla/ixc, Black i is made of eight parts of red-lead, iroit 
filings three, copper-afhes three, and zaffre tw'o mcafures* 
This, when melted, will make a brown black ; and if you 
w'aut it blacker, add more zaffer to k, 

GLAZixri, Blurj is thus prepared: take Iead-afl>cs, or red^ 
lead, one pound, clear fand, or powdered flints, two pounds, 
common fait two pounds, wliite calcined tartar one pounds 
Venice or other glafs half a pound, zaffer half a pound; 
mix them wtU together, and melt them for fcvcral times^ 
quenching them always in cold water. If you would have 
it fine and good, it will be projKT to put tJie mixture into a 
gkfs furnace for a day or two. 

Another blue glazing may be formed of one pound of 
tartar, a nuarter of a pound of red-k*ad, half an ounce of 
zaffer, and a quarter of a pound of powdered flints, which 
arc to be fufed and managed as in the laft recipe. Or, take 
two pounds of calcined lead and tin, add five pounds of com- 
mon fait, five pounds of powdered flints, and of zaffer, 
tartar,' and Venetian glafa, each one pound* Calcine and 
fufe the mixture as before., 

Or, aglain, take of rcd-le?id one part, of fand three part^^ 
and of zaffer one part. For a violet blue glazing, take four 
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tounce® of tartari two ounces of red-lead, five ounces of Glazing, Pf/>‘^/^.^r0eun,confifi8 of lead-afiies fifteen parti, 
powdered flints, and half a dram of manganefe. clcar-fand, or powered flints, eighteen parts, maff^nefe 

Glazing, Brown^ is made of red-lead and flints, of each one part, and w’hite rfafs fifteen meafures; fo which fome 
fourteen parts, and of manganefe two parts, fufed ; or, of add one meafurc of zaffer. 

red-lead twelve parts, and manganefe one part, fufed. A Glazing, Rei^ is made of antimony three pounds, li- 
brown glazing, to be laid on a white ground, may be made tharge, or red-lead, three, and ruft of iron, one ; grind 
of manganefe two parts, and of red-lead and white glafs, of them to a line powder. Or take two pounds of antimony, 
each one part, twice fufed. three of red-lead, and one of calcined iaflron of Mars, and 

Glazing, FUJh-coloured^ is made of twelve parts of lead- proceed as before, 
aflies, and one of white glafs. Glazing, Sea grten, is made of five pounds of lead afhes, 

Glazing, Gold-coloured, To make gold-coloured glaz- one pound of tin-afhes, three pounds of flint, three qUar- 
ing, take of litharge three parts ; of fund, or calcined flint, ters of a pound of fait, hrflf a pound of tartar, and half a 
one part : pound, and mix thefe very well together ; then pound of copper dull. 

run them into a yellow glafs with a ftrong fire. Pound this Glazing, White. A fine white glazing for earthen-ware 
glafs, and grind it into a fubtile powder, which moiften with is thus prepared ; Take two pounds of lead, and one of tin j 
a well faturated folution of filver ; make it into a paftc, calcine them to aflies : of this take two parts, calcined flint, 
which put into a crucible, and cover it with a cover. Give white fand, or broken white glafs, one part, and fait one 
at firft a gentle degree of fire ; then incrcafc it, and continue part : mix them well together, and melt them into a cake 
it till you have a glafs, which will be green. Pound this for ufe* The. trouble of calcining the tin and lead may be 
glafs again, and grind it to a fine powder ; moiflen this prevented, by procuring them in a proper ftate. 
powder with fome beer, fo that by means of an hair pencil The white glazing for common ware is made of forty 
you may apply it upon the velTcls, or any piece of earthen pounds of clear lanci, feventy-five pounds of litharge, ot 
ware. The veflels that are painted or covered over with lead -a flics, twenty-fix of pot-aflics, and ten pounds of fait : 
this glazing, mufl; be firfl: well heated, then put under a thefe are three times melted into a cake, quenching it each 
muffle ; and as foon as the glafs runs, you muil fmoak them, time in clear cold water. Or, it may be made of fifty 
by holding them over burning vegetables, and take out the pounds of clean fand. feventy of lead-aflies, thirty of wood* 
veflels. Mr. Heinfius of Petcr/burg, who font this receipt aflies, and twadve of fait. 

to the Royal Society, ufes the words affiare debts fumutn^ A very fine white glazing may be obtained by calcining 
which is rendered fmoak tbem^ in the Tranfa^tiuns. Phil, two parts of lead, and one part of tin ; and taking one part 
Tranf. N 465. § 6. of this mafs, and of flints and common fait, of each one part, 

Kunckcl gives feveral preparations for a gold-coloured and fufing the mixture. See DELr-wjrr. 
yellow glazing. Tliis may be produced by fufing a mix- A white glaring may be prepared by mixing one hundred 
ture of three parts of red-lead, two parts of antimony, and pounds of maflicot, fixty-pounds of rcd-Iead, twenty pounds 
one part of faftiron of Mars ; hy again melting the powdered of calcined tin or putty, and ten pounds of common fait ; 
mafs, and repeating the operation four times ; or, by fufing and calcining and powdering the mixture feveral times, 
four or five times a compofitiou of rcd-lcad and antimony, Glazing, TellczOf is prepared of red-lead, three pounds ; 
of each an ounce, and of fcales of iron half an ounce : or by calcined antimony and tin, of each two pounds : or, accord- 
calcining and fufing together eight parts of red-lead, fi.x ing to fome, of equal quantities of the three ingredients^ 
parts oi flints, one part of yellow ochre, one part of anti- Thefe mull be melted into a cake, then ground line; and 
mony, and one part of white glafs. A tranfparent gold- this operation repeated ftvcral times ; or, it may be made 
coloured glazing may be obtained by twice fufing red-Icad of fifteen parts of lead -ore, three parts of litharge of filvcr, 
and w hite-flints, of each 'twelve parts, and of filings of iron and fifteen parts of fand. 

one part. A fine yellow glazing may be procured by mixing five 

Glazing, Green, may be prepared of eight parts of li- parts of red-lead, two parts or powdered brick, one part of 
tharge, or red-lead, eight parts of Venice glafs, four parts land, one part of the white glazings, and two parts of anti- 
of brais-dull,' or filings of copper ; or, of ten parts of mony, calcining the mixtiurc and then fufing it. Or, take 
litharge, twelve of flints or pebble, and one of t^um, or four parts of white glafs, one part of antimony, three parts 
coppcr-aflics. of red-lead and one part qf iron fcales, and fufe the mixture: 

A fine green glazing may be produced by ufing one part or, fufc fixteen parts of flints, one part of iron-filings, and 
of the Bcfliemian granate, one part of filings of copper, twenty-four parts of litharge. A light yellow glazing majr 
one part of red-lead, and one part of Venetian glafs ; or by be produced with ten parts of red-lead, three parts ot anti- 
fufiiXg one part of white glafs, the fame quantity of red- mony, and three of glafs, and two parts of calcined tin. 
lead, and alfo of filings of copper ; pow'dering the mafs, Sec Gold-coloured Glazing. 

and adding one part of Bohemian granate to two parts of Glazing, Cttrotk-vellow, is made of fix parts of red-lead, 
this powder. A fine green may be obtained by mixing and feven parts of fine red brick-duft, and two parts of antimony, 
grinding together any of the yellow glazings w^ith e^ual This mixture mull be calcined flay and night for the fpacc 
quantities of the blue glazings ; and all the fliadcs and teints of four days, in the afli-hole of a glafs-houle furnace, and at 
of green w’ill be had by varying the proportion of the one laft urged to fufion. 

to the other, and by the choice of the kind of yellow and Glazing of Delf-zvare. See DFXT^zvare. 
blue. Glazing tf Porcelain^ See Porcelain. 

Glazing, Iron-coloured, is prepared of fifteen parts of Glazing ofStone^are^ and Queens ware. See For* 
lead-alhes, or red-lead, fourteen of white fand, or flints, TERY. 

and five of calcined copper. This mixture is to be calcined Glazing for Tobacco Pipes. Sec Tobacco-pipes. 
and fufed. Glazing, in Painting, a term of the art, expreffive of 

Glazing, Liver •coloured, is prepared of twelve parts of li- a peculiar mode or variety in the practice of it.. It cenfifis 
tharge, eight of fait, fix of pebble or flint; and one of man- in laying a tranfparent colour, made very tliin by a great 
ganefe. quantity of oil, or other veliicle, over a folid body of opaque 
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colonr ; and its intent is, to give a greater degree of clear- 
iiefn and brilliancy to the colour produced by this procefs, 
than can be obtained by mixing together in fubllance the 
two colours thus employed. In this mode their hues arc 
blended, without difparagement of each other ; whereas, in 
mixing them in the ordinary way, a certain diminution of 
their brilliancy takes place, produced by the diflimilar nature 
of their qualities. 

Glazing appears to have been pra^ifed very early in oil- 
painting ; and probably the ufc of varniflies over pidures 
painted with water-colours may have firll fhewn its utility. 
Indeed it could not fail to be the cafe, if the varnidi em- 
ployed happened to be tinged with any colour ; for the 
luflre pldiures acquiredby that circumftance mull be ftriking- 
ly engaging ; a harmony and fwcetnefs are thereby gained, 
which 5ul other means arc vainly employed to obtain. It is 
therefore furpri/ing that all tliofc who praftifed tlic art of 
painting after the cTifcovery of the ufc of oil, (hoiild not have 
given in to the application of it. Yet it is certain that the 
Ronuin fchool is remarkably deficient in the knowledge of 
the value of this praAicc, and moll frequently ncglcdfcd to 
ufe it ; owing probably to the employment painting found 
in frcfco. Une Venetian and Dutch fchools, on the other 
hand, employed it in perfection, and it is in their works that 
a knowledge of it may bell be acquired. 

The principal difficulty attending the ufe of glazing, is to 
avoid the too common application of it ; as it does not fuit 
the reprefentations of all fub fiances, in its more immediate 
fenfe ; though one general glaze over a picture, completed 
in its forms, will at all times benefit the work 5 if it hap- 
pens not to be too low, or infipid, in its tones of colour. 

All kinds of gems andpolilhed fubfiances, fuch as metals, 
filks, velvets, &c. are imperfectly wrought to effect, when 
it is not employed ; and fleffi, which is in nature compounded 
of a great variety of colours, is feldum quite perfect in its 
hue, when glazing is not employed to finilh with. It is a 
fpecies of it, produced by the yellow vamiffi being but par- 
tially removed from old pictures, which gives them their pe- 
culiar and brilliant liifire. It is quite impoffible to make any 
effcdl exactly like it with frefli colours, unlefs forne artifice 
be ufed to forerun the effects of time ; fuch as rubbiiig in 
dirt, and then partially removing it, 5 :c. tricks which picture 
dealers are perfectly converfanl with ; and by which many 
an ingenious copy is pafled off upon the unlearned amateur, 
to the enrichment of the dealer, and the future annoyance of the 
buyer, when time and improved information let him into the 
fccret. 

Glazing is the mod valuable part of the practice of 
painting, when judicioiifly employed ; as it produces clear 
broken tones of colour, which leave no remembrance of 
the palleltc, but deceive the eye by the variety of 
hues, and dazzling efieft of light, produced by one 
colour fhining through another in different degrees of illu- 
mination ; much more like the effedts of natural ohjefts, 
than the ufe of opaque colours can poffibly produce. But 
then great dexterity and judgment are required to ufe it pro- 
perly in fo general a manner. A well-informed and feienti- 
tic artift knows the tone which one colour glazed over an- 
other will produce ; and without that knowledge, a dirty 
dulnefs may be the effect, in (lead of the clearnels required ; 
and if not fuccefsful, it is always injurious ; there is no me- 
dium in the application of it. If the under colour is not 
hnproved, it is fure to be deteriorated- ; and it will require 
tepainting, to refiore its original frcfhnefs* So that when 
a painter has prepared a work for glazing, (which fhould 
always be done with great clearnefs and prccifion,) the moll 
extreme caution is reqjuifUc in adapting the tone of the glaze 
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which he propofes to ufe to the general hue of the pidlure 
before he applies it. It is not poluble to give rules more cx« 
plicit on this matter ; the indefinite fubdivifions of hues which 
all colours arc capable of, muft for ever leave to the feeling and 
judgment of the artift their pcculmr application. It is hardly 
ncccffary to Hate that a glaze of red, over blue, will produce 
purple ; of blue, over yellow, green ; and of red, over yel- 
low, orange ; but it may aid the Undent in his practice, if he 
confiders, that all the varieties of tone the original colours 
arc caj)able of, will, when equally employed, produce a cor- 
refponding compound ; and, of courfc, if lus jpi^ure be of 
too red a hue, though of a light tone, a correlponding one 
of blue, or of yellow, will cliange it to the one he may re- 
quire ; and if he ufc the blue and yellow together as a green, 
it ^ill produce a negative colour ; totally deftroying the red : 
but the varieties are too complicated and numerous to fol- 
low. 

Glazino of Cloth. The procefs of glazing is ufed for 
all the ftout fabrics of cotton goods, and fometimes for 
thofe of linen. It is a part of the general procefles of 
finifhing goods for the market, and uhich is carried on by 
thofe who are generally called cloth -lappers, or calender- 
men. The glazing is done by putting on the cloth a fmall 
quantity of white wax, fuch as that ufed in the manufa^ure 
of wax candles, and the glofs is afterwards effected by the 
friction of any fmooth body on the furfaccof .the cloth. By 
the ordinary procefa the apparatus is very fimplo, confift- 
ing merely of a fmooth table, a little inclined towards the 
operator, like a common writing dt fie, upon which the cloth 
to be glazed is fpread fmootlsly, and drawn over, as occa* 
fion requires, from one end of the piece to the other. Above 
this is a lever, fiifpendcd from any convenient fixture to the 
roof, the lower end hanging in contadt with the cloth, 
and by moving this backward and forward, tlie nc- 
ceffary fridtion is produced. The end of the lever next 
to, and in contadt with the cloth, is faced with a fmooth 
piece of flint or pebble, finely polifiied, and of a cylindrical 
form, the under furfacc of which is in contadt with the 
cloth. This lever being drawn backward and forvvard by 
the operator’s hands, the whole clolli is polifiied or glazed in 
fr.cceffion, the joint at the top of the lever being hltcd into 
a horizontal Aider, which allows the polifiier or flint to be 
mov d from one fide of the cloth to the other. In this way 
of glazing, the whole is performed by the power of a man^s 
arms and nauds ; and, from the pofitiun of his body being 
conftantly inclined over the table, is found to be a very labo- 
rious and fatiguing operation. The great number of people 
neccflarily employed by this operation, and the difficulty of 
getting large quantities of goods rajiidly glazed to anfwcr 
the demands of hurried fliipments for exportation, fuggefted 
lately the idea of a more Ipcedy and efficacious manner of 
performing the operation of glazing by an improvement and 
alteration in the conftrii^tion of the common five-bowl calen- 
der. This improvement w^as planned and executed at the exm 
tenfive works of the late Mr. John Miller of Glafgow, w'ho 
furnifhed the inventor with the means of carrying his plan 
into effect, and upon a proof of iu efficacy on trim, his ma- 
jefty’s royal letters patent for itsexclufivc ufc to the inventor 
or his aflignees within Scotland were obtained in the ufual 
form. Two or three machines were then conftru£ted for his 
own works, to which, as far as we know, they are (till con- 
fined ; and thefe machines have given the moft utiiverfal fatis- 
fa£tion to all who have had their goods glazed by them, 
while at the fame time an immenfe reduction of labour has 
been effe£ted by their ufe. 

The patent glazing machine, like the common calender, 
confifts o£ five bowk, or cylinders, four of which arc of 
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call iron, fmootMy turned, and finely polilhed on the forf^, 
and the large or intermediate cylinder i» generally of palte- 
hoard on an iron axis. In the common operation of fmoolh- 
ing by mean* of the calender, the velocity of the cyhndera 
revolving upon their own axet, win the ratio of their refpcc- 
live diameters, fo that an cqwal quantity of fupcrficies is con- 
ftantly expofed of each. In the glazing-calender, or m^hme, 
it is only ni ceffary that the motions of one of the cylinders 
Ihould be fo much accelerated at to produce the friaion 
neceflary to effeA the glazing by rubbing againft the other 
cylinders with which it w in contaa, fo as not to be liable to 
tear or otherways injure the fabric. This motion is pro- 
duced by means of wheels placed in the following manner t 
On the axis of the main cylinder A, is a call iron wheel of 
any convenient diameter and number of tcetli. This wheel 
works into the ftud-wheel B, the number of whofe teeth is 
not material to the fpeed, and whole diameter may be regulat- 
cdfo as to pitch well into the remaining v heels. The 
wheel is placed to revolve loofely on an iron fiud, ferewed 
into tlie'frame-work of the machine. Tlie itud-wheel D 
gives motion to the fecOnd ftud-whcel C, and it continues the 
motion to the wheel 1), which is fafteiied on the axis of the 
lirft iron cylinder. The upper cylinder works mertly by 
friftion.as in a common calender, and when the intermediate 
ftud-wheel B is removed by being taken off the ftud, the 
whole cylinders will revolve cxaftly as in the common ma- 
chines, without producing any glazing effeft. The fimpli- 
clty of this machine, the regularity of the glofs which it 
gives, and the iinmonfc faving of labour, are powerful re- 
commendations in its favour. The great quantity alfo which 
may be effe£fed by it in a very limited time, renders it pecu- 
liarly adapted to meet the occafional exigencies of the ex- 
porter ; and the additional advantage of its facility of adapta- 
tion to the purpofes of the common calender, when glazing 
is not required, adds to its value and utility. Upon preffing 
occafions, one of thefe engines, by being conftantly employ- 
ed night and day, will glaze from 600 to 800 pieces of cloth, 
of 28 yards each, weekly. 

Thofe employed in the late Mr. Miller s works arc driven 
by means of a fteam engine, by which alio various other kinds 
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©f machim^ry, adapted tg tlie various operations of the bu- 
fincfs, arc fet in motion Should any machinery of this de- 
feription be conftniftcd in works where there may be a ge- 
neral ncceffity of keeping them conftantly employed for the 
urpofe of glazing, it will bo very necellkry that care Ihould 
e taken that the moving power, whether water, fteam, or 
horfes, flujuld be ample ; as it xr.uft be evident, even to thofe 
who arc not praftically converfant with the calculation of 
power and refillance, that this calender, when employed to 
gl ize, mull require confiderably greater force to keep it in 
motion, than when the cylinders revolve in the ratios of their 
diameters, for the mere purpofe of common calendering or 
fmoQthing. 

A^eiiv not in pofteffion of fufficient data to enable us to 
afccrtain, with any tolerable prccifion, tHe quantum of re- 
fiftance add^d by the fridion ; nor are we aware that any ac- 
curate cxperinuMits have been made for that purpofe : but it 
is evident that it mull be very great in all cafes. It is reafon- 
able alfo to infer, that it may be confiderably increafed or 
diminiflicd by the texture or fabric of the fluff upon which 
the glazing operation is performed. Hence, if thefe machines 
be employed conllantly in large works, and fet in motion by 
the fame power, which alfo drives machinery adapted to other 
purpofes, care mull be taken that tiie power be fufficient to 
cfFcft all the various purpofes to wliich it is applied. And 
ihould this be attempted, under the impreffion that the glazing 
Slight be performed by the fame power as common calender- 
ing, a deficiency would be found, which mud render it ne» 
ceffary to difengage part of the machinery, in order to give 
fufficient momentum to the reft. This is, perhaps, one of the 
moll common, and at the fame time, moll ruinous errors 
into which the projeftors of large works, who are not mecha- 
nics, are apt to fall. In the firll inftance, defirous th^^t a 
large eftabliflimcnt Ihould be frt to work at the lead poffible 
expence, they too frequently calculate too bandy, and are 
then obliged cither to abandon their whole feheme at a great 
lofs, to work it under ferious and ruinous inconveniences, or 
to repair, at a triple cxpence, what they have left deficient 
at firll. 
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GLUE, a vifcid, truacious inatlor, fcrvlng 

a cement to bind or connect divers things togcilier. 

There are divers kinds of glues made ufe of in the dlvn f; 
arts ; as the common glue, glove glue, piirchmeja glue : but 
the two lall are more properly called Jrze. 

The common or ftrong glue is a commodity ulrd by 
numerous kinds of artificers; as joiners, cabiitLl-iwakt ; 
cafe-makers, hatters, book-binders, &c. andtliecoKfnmpiicni 
thereof is very con fiderablc. The bell is thiit luadr in ICng- 
land, in fquarc pieces of a ruddy brown coloul : riamho', 
glue, which is whitifli and tmnfparcnt, is held the next 
the Englilh. The moll ordinary glue of h i*^ bUch 
and opaque. 

Glue is made of the fldnsof all kinds of bcafi'i ; ar. o/' n, 
cows, calves, Iheep, &c. The older the benll in, ilx? btttrr 
is the glue tliat is made of its hide. Indeed, it is rare tlu v 
nfe whole flcins for this piirpofe ; thofe bring ci.pablr of 
being app’icd to better purpofe ; but they n'ake uf : of the 
fliavings, parings, or feraps of the hides, and alio horns ; 
and fomctimes tliey make it of the feet, liiicws, nerves, ^c. 
of bealls ; aitd alfo of the pelts obtained from furriers. 

That made of whole Ikins is the bell , and that of finews, 
&c. the worll : and hence,- chiefly, arifes the diflerence of 
glues, and the advantage of Engliflt and Flemilh glues. 

Glue, method of making, — Mr. Clcnnoll, in the Monthly 
Magazine for 1802, gives the follow]^ llatcment of the 
general mode of its manufadlure. 'Hie materials above 
enumerated are “ firll digelled in lime-water, to cleanfe them 
from greafe or dirt ; they arc then fteeped in clean water 
w'ith Frequent llirring, and afterwards laid in a heap and th.e 
water prclfed out. iliey are then boiled in a large bfafs 
cauldron with clean water, feumming off the dirt as it rifi s, 
and it is further cleanfed by putting in, after the whole is 
diflblved, a little melted alum or lime finely powdered. The 
feumming is continued for fome time, after which the mafs 
is llrained llirough bafleets, and fuffered to fettle, that the 
remaining impurities may fubfide. It is then poured gra- 
dually into the kettle again, and further e\ap('riit<‘d by boil- 
ing and feumming, till it becomes of a clear dark brownifh 
colour. When it is thought to be ftrong enough, it is poured 
into frames or moulds about fix feet long, one broad, -and 
two deep, where it gradually hardens as it cools, and is cut 
out when cold by a Ipade into fquare cakes. Each of tliefe 
is placed in a fort of wooden box open in three divifions to 
the back ; in this the glue, while yet foft, is cut into three 
fliccB, by an inllrumcnt like a how, with a brafs wire for its 
firing. The flices are then taken out into the open air, and 
dried on a kind of coarfe net-w^ork, faftentd in mo\ cable 
(beds four feet fquare, which are placed in rows in tlie glue 
maker’s field. When pcrfcdlly dry and hard it is fit for tale. 
That is thought to be thebeft glue which fwclls cnnfidcrably 
without melting by three or four days' immerfion in cold 
w^ater, and recovers its former di men lions and properties by' 
drying. Glue that has got froll, or that looks thick and 
black, ftiould be melted over again. To know good from 
bad glue, the pnrehafer flionld liold it between Ina eye and 
the light, and if it appears of a ftrong dark colour, and free 
from cloudy and black fpots, the article is good.’' When 
glue is ufed by the carpenters, tht*y break it and foak it for 
about 24 hours in cold water ; and then ir.elt the foaked 


pieces, cauling it to fimmer for a quarter of an hour over a 
How fire and frequently ftirring it. When cooled it becomes 
a firm gclly, which may be cut by any inltrument. It it 
merely warmed fur ufe, and in this Hate fpread over the 
furfaccof the wood with a llifF brufli. In au interval from 
erne to three days the pieces of wood will be fo perfedlly ce- 
mented, that boards, thus cohering, will as readily break m 
any part as .feparate at the jurnSlion. Glued boards will not 
fet in a freezing temperature; th'* ftiffening being oocafioned 
by the evaporation of the fuperfluoiis matter of the glue, 
which is prevented V^y a con fide rable degree of cold. 

Glue, Bees, See Wax. 

Gluf, FiJJj, is a fort of gli;c made of the nervous and mu- 
cilaginous parts of a large filh, found chiefly in the Ruffian 
fcas. 

Thcte parts, being boiled, bear a near refemhlance to that 
vifcid matter found on the flciiis of cod-fifh When boiled 
to the confidence of a jelly, they fpread it on a leaf of 
paper, and form it into cakeb; in which Hate it is font to us. 

Filh-gluc is of confidevahle ufe in medicine, and divers 
others arts; where it is better known under the name of 
ifinglafs tmd ichthyocolhi. See Tsinolass. 

A llrong and fine glno may he* prepared with ifinglafs and 
fpirit of wine thus; llccp the ifinglafs for twenty-four hours 
in fpirit of wine or common brandy. When the ineriftruiim 
has opened and mollified the ifinglafs, they mull be gently 
boiled together, and kept ftirring till they appear well 
mixed, and till a drop thereof, fuffercd to cool, prefently 
turns to a ftrong jelly. Then drain it, while hot, througfi 
a clean linen cloth, into a vefTcl to be kept clofc flopped. 
A gentle heat fuffices to diflblve this glue into a tranfparent 
and almoft colourlcfs fluid, but very ftrong; fo tliat pieces 
of wood, glued together with it, will feparate elfe\Nhere 
than in the parts joined. Boyle’s Works abridg. vol. i. 
p. 130. 

A ftrong compound glue may be made by infufing a mix- 
ture of common glue, in fmall pieces, wiln ifinglafs glue, 
in as much fpirit of wine as will cover them, for about 
twenty-four hours ; then melt the whole together, and add 
as much powdered chalk as will make it an opaque white. 

A ftrong glue, that will refill moifturc, may be obtained 
by diftblving gum fandarac and maftic, of each two ounces, 
in a pint of fpirit of wine, and adding about an ounce of 
clear turpentine; then take equal parts of ifinglafs and 
parchment glue, and having pounded them into fmall pieces, 
pour the foliition of the gums upon them, and melt tlie mix- 
ture in a covered vefTcl, with a heat lefs than that of boiling 
water; then ft rain the glue through a coarfc linen cloth, 
and putting it again over the fire, add about an ounce of 
powdered glafs. 

Or, a ftrong glue, that will refill water, may be made 
by adding half a pound of common ifinglafs glue to two 
quarts of fkimmed milk, and evaporating the mixture to a 
due confluence. 

A glue, that will hold againft fire and water, may be 
made by mixing a handful of quick-lime with four ounces 
of linfecd oil, boiling them to a good thicknefs, and 
Iprcading the mixture on tin platen in the fliadi' : it will thus 
become exceeding hard, but will eafily be diftblved over a 
fire, and befit for ufe. See C-KMKnt. 
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GOLD. Gold^ Germ. } Guld^ Swed. Dan. ; Or, Fr. j 
Artmyt Hung. ; Soloto^ RuiT. 

Mineralogical DeferiptUm. — ^Tliis metal never having been 
found in a mineralized (late, we are acquainted with one fpe- 
cics only, namely. 

Native gold^ which is fubdivided by Werner into three fub- 
fpecies, vi%, sold^yellowt hra/f-yellow^ and greyifb^scllQW gold* 
Though this mbdivifion may appear arbitrary', and not found* 
ed on conftant charafters exclufively belonging to each of 
the above varieties or fub-fpecies, it is neverthelefs entitled 
to attention, (ince colour, however unimportant it may be in 
the clailihcation of earthy fcHild, conftitutes a chara6ler of 
conAderable value in native metallic fubilances, the range of 
whofe colours is confined to a narrow compafs. But 
alfo their geognoftic relation appears to conftitute a dif. 
tin^ion, at lead between the tw'o firft of the Wernerian 
fub*(pecies ; for as to the third, ot i)xt griyi/b-yeltow gM% its 
claims to be kept fepanite from the two others appear doubt* 
ful : all we know or it is its being found in fmau flat parti* 
cles, along with that mixture of mfierent metals caUea pla* 


tina in grains, of whofe colour it partakes in general, and 
with which it is fuppofed to have occurred alio originally 
under the fame geognoftic relations. 

X. Light or Brafs -coloured native Gold* Melling-gelbesgedic* 
gen gold of Werner. Its colour is pretty well indicated by 
its name ; but it varies in intenfity from what may be called 
pale-gold yellow to ycUowi(h*filver white. It is alfo fome* 
times found with deep-yellow, and with pavonine tarnilh* 

It occurs mafTive, dilTeminated in angular and amorphous 
particles, but more frequently in films, membranes, and ulatca 
even and curled or -twilled, and with fmooth or drufed fur- 
face $ alfo capillary, tooth and wirc-(haped| (hrub and fern* 
like, and as moniliform firings ; often imitating reticulated 
and filigree work ; all which forms are generally produced 
by the agwgation of minute imperfeft cryftals. Among 
thefe, perlefl cryftals are not unfrequently feen, fometimea 
ftngle, oftencr in groups, on the margin of the plates, 6cc, 
The following fecondary forms have been oblerved; th% 
cube ; the o6lSiedron ; the gamet-doderahedron | the leucite* 
dodecahedronwitb trapezoi£iI planes. Alfo modifications inter* 
mediate between the cube and the ofiahedron occur, but they 
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are fcarce . The minute three-ftded pyramids, which arc often 
feen to drufe the membrane, and the (implc triangular marks 
fm the plates of tlie Tranfylvanian native gold, are the re- 
fults of hurried and difturbed cry llalli nation ; the former of 
them being the folid angles of the cubical, and the latter the 
rudiments of the ocfahedral variety. 

The cry dais are minute (thofe deferibed by Mr. Efmark 
as odlohedra and cubes of two lines in diameter, have never 
before been heard of); their furface is always fmooth. 

Luftre metallic : externally fplendent : while that of the 
^grains is fometimes glillening, fomctiines approaching to dull ; 
internally it is glimmering and glillening. 

The fradlure of gold is fine hackly. Its fragments are 
jjjndeterminately angular. 

It is foft, highly flexible, malleable, and duAilc. 

The fpecific gravity of pure gold is from 19.253 to 
S9.640; but that of the brafs-ycUow variety, owing to a 
greater proportion of filver with which it is alloyed, is ge- 
nerally confidcrably lefs, though always above twelve. 

The light, or brafs-ycllow gold, occurs almoft always in 
veins in grey wacke, grey wacke Hate, and newer porphyry ; 
feldom, as the following fub-fpecies, in primitive rocks, or 
under other circumflances that befpeak a limilar remote 
antiquity. 

It occurs chiefly with quartz and iron pyrites, and not un- 
fireqiiently w’ith grey antimony. Other concomitant fubftanccs 
nrc, among the earthy foflils, calcareous fpar, brown 
fpar, bar}i.e8, felcnitc, and feldom fmall quantities of 
bole, lithomarge, and common garnet ; of metallic fub- 
fiances, red and vitreous filver ores, (feldom native lilver,) 
kopper pyrites, grey copper ore, copper green, brown iron 
ittone, galena, green lead ore, blende, witn occaiional traces 
of white cobalt, copper nickel, red orpiment, native arfenic, 
and arfenical pyrites. 

2. Detp or Gold-yellow Native Co/r/.— Gold-gelbes ge- 
diegen-gold of Werner. 

Its colour is the higbeft gold-colour, feldom verging on 
brafs yellow. 

It occurs niaflive and in fmall roundifh and flattened pieces, 
as alfo in grains of viu ions dimenlions, detached or diffemi- 
nated; feldom in particular external forms, fiich as in leaves 
and laminae, filiform and mofslike ; fcarcely ever cryilalliacd ; 
almofl all the cryftAllinc forms deferibed by authors bt - 
longing to the liglit -coloured fub-fpecics. 

External lullre gliflening, fometimes (as in tW variety 
called Spanifh fiiuff) diverted of all luftre. Its fpccific gra- 
vity is rather greater than that of the light or braf?-coloui^d 
gold, with which it agrees in the remaining chara(J\ers. 

It occurs mortly loofc, in alluvial fituutions, iuid in the 
land of rivers, and. as fuch, appears to have been originally 
dideminated in rocks of ancient formation ; it is, however, 
alfo found in veins in Norway, Siberia, Bolicmia, Hungary, 
in the Eaft Indies, 6cc. almoft alw’ays diffeminated in quartz, 
accompanied by iron-pyrites ; but nothing is as yet known 
refpefting the age of thefc veins. At Fatzebay it is found in 
minutely mofslike external forms, often of a dull powdery 
appearance, on common quartz fometimes mixed with iron 
pyrites ; in this ftate it is by the miner called Spanifti fnuff. 

Geographical Jituation ^ — The following locxilities compre- 
hend botn the fub-fpecics into which native gold is divided 
by Werner. By far the greater part of that found in Eu- 
Tope belongs to the brafs-ycllow fub-fpecies, except the gold 
of rivers and alluvial foil, which is principally deep yellow, 
and to which the immenfc quantities of this precious metal, 
iurmfted by tlit other parts of the v orld, appear likewife 
10 be referable^ 
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Europe: — Hungary', the Bannat, and principally Tran- 
fylvania. In Upper Hungary it occurs in gneifs: at Schem- 
nitz, in Lower Hungary, it is found accompanied with 
feveral filver ores, and witli galena ; at Kremnitz, in and 
on cellular and {battered quartz, lamellar barytes, with vi- 
treous filver and gr^ copper ore, copper pyrites, brown 
fpar, &c. ; at Oravizza, in the Bannat, it occtirs filiform 
and dirteminated in pale flelh-rcd and greenifli-white lime- 
ftone, with white cobalt ore and copper nickel. In Tranfyl- 
vania, the richell couiitry of Europe in this metal, it prin^^ 
cipally occurs in a kind of clay-porphyry of different de- 
grees of frelhnefs, which is the Saxum metalliferum of 
Born, in grauwacke and graiiwac ke flate ; at Kapnik it is 
fometimes found with red orpiment : at Stauiflia in calcarc* 
ous fpar, mixed with arfmical pyrites, See.: other places of 
Tranfyl vania abounding in gold (which is for the greater 
part brafs-ycllow), are Vcrefhpatak, Abrudbanya, Boiza, 
Offenbanya, Fat/ebay, Toplitza, Treflityan, ficc. Alfo the 
rivers, both of Hungary and Tranfylvania, are richly auri- 
ferous ; gold fand is found in the Nera, and underneath a 
rtratum of chalk on the plain traverfed by this river. The 
richert river of Tranfylvania is the Araniofli, and the plain bor- 
dering on the river Morofii, contains likewife gold in grains,be*. 
tvveen a llialum of mould, and another of fehift us, neither of 
which llrata is in the leaft auriferous. Alfo at Olapian, gold 
isobtained by wafhing; it is there mixed with magnetic iron 
ftone, titanium, garnet, and cyanite. The gold of the great 
rivers of Tranfylvania is generally of 21 caratn, that of 
Olapian and Rofhinar is even of 23 carats, fix grains. 

In Germany it is toiind in feveral places, at Jofiangeorgen- 
ftadt in Saxony, in Carinthia, wliere it accompanies copper- 
ores, in Tyrol and Salt/.burg ; but it is only in the lall of 
thefe diftridts, or rather in the chain of mountains., feparating 
Tyrol from Carinthia, that gold-mines are w orked ; in the 
Zillerthal it is found in various external forms, and accompa*- 
iiied with iron-pyrites, Sec. in mica ftate. In Bohemia gold 
occurs in quartz. 

Spain is probably very rich in gold j certain it is that 
coiifiderable gold mines were worked tlicre in former times, 
and, according to Diodorus Siculus, as far back as the time 
of the Phcenicians, after whom tlie Romans undertook to 
work them ; and Pliny informs us, that thofe nations derived 
great profit from them. A ft uria was the province uhicli 
furniftied moft of this metal. After the difeovery of Ame- 
rica thefe mines wcj •' tmtirely given up and loll. The Ta- 
gus and fome other rivers of Spain are likewife auriferous, 

France has im gold mine that is worthy to be worked ; the 
firft difeovery of gold in that country was made in 17S1, at 
la Gardette, in the valley of Oyfans, in the prefent depart- 
mmt of the Iferc : the mine was worked for fix years, 
but the produce in gold and accompanying minerals was too 
fmall to coinpenfate for the expcnce of obtaining them, and, 
indeed, the lofs amounted to upwards of 2i,oco livres. 
It occurs there, w'ith rock cryllals and iron pyrites, in 
gneifs. The fand of feveral rivers of France is auriferous, 
inch as that of the Arricze near Mirepoix, the Gardon and 
Cc/.e in the Cevennes, the Rhone in the Pays de Gex, the 
Rhine between Strafburg and Philipfburg, the Salat in tlie 
neighbourhood of St Giron, in the Pyrenees, the Garonne near 
Touloufc, and the H^rault at Montpellier, Alfo moft of the 
black fand and of the bog-iron found in the neighbourhood 
of Paris is faki to contain a fmall quantity of gold. 

In Piedmont veins of auriferous pyrites and quartz are 
found near Macugnaga, at the foot of Monte Roia : wiiich 
mountain confifts of veined granite in horizontal beds. The 
veins of pyrites and quartz have upon, the whole a per- 
pendlcrilar^ dirct\ion, but in fomc parts tlicy crofs each other. 
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mnd wKcre this takes place, or hells, are found which 

contain the greatdl proportion of gold. The proprietor of 
thefe mines extradled out of fuch nefls, in no more than 
twenty-two days, 189 marcs of pure gold, although a hundred 
weight of the ore yields no more than from lO to ij 
grams of that .metal. Formerly iipAvards of a thoiHknd 
workmen were emj)loyed in thefe gold-mines ; and the pro- 
prietors Hill pofll’ls S6 mills, by which from lo to 12 pounds 
?of 12 ounces) of mercury iupregnated with gold are pro- 
uuced per day. Twelve pounds of mercury contain t>vo 
marcs of gold. There are likewife feveral auritcrous rivers 
on the S. iide of tlie Apeimine Alps, between mount Rofa 
and the valley of Aolla, fuch as the Avanfon, which runs 
from the valley of Chaliant into the Doire, and where feme 
gold-mines were alfo worked by the Romans ; the Oreo, &c. 

Sweden has a gold mine at Edelfors in Smoland : the gati- 
gue, a brownini quarU, is faid to he in a kind of hornblende 
iiate, wliich alfo contains the motal diffemi^iated. 

Oold has alfo been found iu Great Britain ; in Cornwall ; 
at Lead-hills, in Scotland, di(f*ininated in quartz ; at Wick- 
low, in Ireland, under the foil, and in a llream which runs over 
rocks of clay-llute with veins of quartz. It belongs to the 
deep yellow variety. 

ylfia — The gold-ores of Siberia are partly of the light 
coloured, but principally of tl\e deep coloured variety : that 
of Berezof, which occurs in pyrites, or r.illier brown ii*on 
Hone, and iron Ihot qu.irtz, and in the rock which ferves as 
ganguc to the red l ad ore, belongs to the latter. Putrin 
mentions a fpccimen of gold in fpungles on bornlilvcr, found 
iuone of the filvcr mines of Schlaiigciiberg. 

The geognollic relation of the gold found in f* veral parts 
of India, in Japan, the Philippine and Maidive iflunds, 
Sumatra, Borneo, &c. is not krfown ; all tin' fpeci mens from 
India, that Irave come under our infpe^lion, were in the form 
of fmall rounded and amorphous particles in quartz, and be- 
longed to tlie deep yello.v variety. 

Africa . — Of the occurrence of gold in this part of the 
world we know fo much, that tlie greatcil part, at leall of 
that which comes to Europe, is deep yellow and in grains. 
African travellers have made us acquainted with a few of its 
localitres, but not with auy particulars relating to its geognof- 
tic habitudes. Though the commerce of gold-powder extends 
almott over the whole of Africa, yet, according to Hecren, 
there is none to be found in its nortliern part-s. Among the 
principal African gold mines are thole of Kordofan, between 
Darfur and Abylfinia, mentioned by Browne. The an- 
cients, fays Brongniart, appear to have been ac([iiaintt d with 
thefe mines ; they coiilidercd Erliiophia us a country rich in 
gold ; and we find in Herodotus, thattlic king of that coun- 
try exhibited to the ambufladors of Camb) Ics all the pri- 
foners of war fettered with chains of gold. 

A fecond mod conliderable diftriift for gathering gold- 
powder appears to be fouthward of the great defurt of yCahara, 
in the wed of Africa, at the foot of thofe lofty ridges of moun- 
tains on which originate, among many fmallcr rivers, the Sene- 
gal, the Gair.bierjUnd Niger. The country of Bambouk, at the 
M.E. of thefe mountains, is, according to Golberry, that 
which fiiroifhes the greatell quantity of gold which is fold 
on the weft coaft of Africa, from the mouth of the Senegal 
to the Cape Palmas. This gold is found in fpangles and fmall 
lumps, principally near the iurface of the earth, in the beds of 
rivulets, and always in a ferruginous foil. In fomc parts of 
t?lic country the negroes fink fumething like fhafts, but with- 
out giving any fupport to the Tides of the pit ; nor are they 
wont to loilow up the vein, if any fhould appear, or to make 
galleries. The metal is obtained by repeated wafhing of the 
tartkthal includes it. The fame country furnilhes Kikeu'i^ 
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the ^eateft part of the g6ld carried to Morocco, Fez, and 
Algiers, by the caravans which, from Tombudloo, travel 
through the great defart of Zahara. The gold which is brought 
to Cairo and Alexandria from Senaar comes likewife from 
thefe. See Parke's travels, where alfo an intcrefting accoiinr 
is to be found of tlic gold in Manding, and of the procefs bv 
which the negroes obtain it. 

The third principal diftri^ of Africa, for colledling gold, 
is on tbeS.W. coaft between 15^ and aa’S. lat. oppofitc 
Madagafcar. This gold comes principidly from the country 
of SoTala. According to the relation ot* forne travellers iij 
this part of the world, the gold is found tliere not only in 
powder, but likewife iu veins. Some are of o]>iiiion that 
the country of Opbir, from whence Solomon obtained gold, 
was fituated on this coaft. 

Aimricn . — The gold of this part of the world, as far as 
we are acquainted with it, is fo equally the prodiuftion 
of the fund of rivers and of alluvial land ; but it is alfo, though 
rarely, found in veins. South America, particularly Brafil, 
Choco, and Chili, arc the countries that yield moft ; but fome 
is ailfo found iu North America, })articularly in Mi'xico, 
where it occurs along with filver-ores. The annual produce 
of thefe Mexican mines is xuhsed at from 1 2 to 1 500 kilograms 
All the rivers of the Caraccas, 10 ' north lat. arc aurife- 
rous. 

The gold of Chili, according to Frezier, is lodged in tl\e 
alluvial formation. 

The Pe ruviau gold occui's in ferruginous quartz ; that of 
Choco, the richclt ])roviiice in gold in Soutli America, is 
found as grains in alluvial country, and in. rocks belonging o. 
the newell fletz-trap formation. iVlmoll all we know rcfpec^-l- 
ing the geognollic fit nation of the gold of Sjianilh America,, 
wc owe tt) hi. de Huiv.boldt. 

Bral'.l furuilhes gold in abmulance, and it is from tlience 
that thegreateft part achially feen in commerce is brought to 
Europe. There are, hovvexer, properl) fpeaking, no gold- 
mines in that country ; the gold is not found there in veins, 
but dilfemi'i.ited in fund and other alluvial depofitioiis, out of 
which it is t)blaine<l in the ufiiul rncinner. 

The gold that lias been furnilhed by Brafil within 
120 years, may be valued (according to Correa) «t 
2,400,000,000 uf French lixres ; ami, according lo otlira 
authors, the amount is cnlculated to be 24,000,000 per 
annum, lirongnuirt. Sec On2:.s. 

Ohfirvatlons — i. It would appear that moft writers wlij 
adopt Werner's dilliru'^tion between gold-yellow and brafs- 
yellow gold, have inillakenly deferibed the one fulvfpccit'S 
for the other, and fome even fpeak of “ grey -yellow .roll 
from Tranfydxania.’' 'The fub-divifion aliudeil to may b, 
deemed inadmiflible ; but if it be at all adopted, by far the 
greater part of the native gold of TranfvKiinia and Hm . 
gary,^aml confeqmnlly almoft all eryltalli/ed gold, mull 
necelfarily be referred to the light-coloured,, and that found 
in the fand of rivers to the deep-ecdourtd fulj-fpeeies ; and 
this not on account of their colour only, uftially indicative 
of differences in the chemical ct'mpofiiion of metals, but 
principally on account of the geognollic relations under 
which they refpectively occur, and on. which great ft refs 
appears to be laid by Werner. 

2. Iron pyrites, containing not unfreauentlv a confidenble 
portion of gold, in moft cafes fhvifibly dilperfed and dif- 
guifed, has by fome been confidered as a fpecies of. gold ore 4 
a diftinftion to wliich (though fuch aurifc’;)U8 pyrites are 
often fiibjeded to metallurgical treatment for ex trading that 
metal, as will be feeu hereafter) it cannot be coniidered as 
cntiticiiU Sec P v hi ihs, Aunfercfus* 
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The brown cubic ctyfUU from Bercfof, in Siberia, which 
contain grains of gold, are coniidered by fome as decompof- 
ed, by others as hepatic pyrites, and by fome as brown iron 
ftone in fuppofititious cryltals. Wliatever they may be, they 
are certainly not what Werner means by hepatic pyrites, 

j. The native gold of Tranfylvania is often accompanied, 
and fometimes incrufted, by jparticles of a pale yellow earthy 
fubi^ance, which was confi acred by Hacquet as an oxyd of 
gold* Muller and others have deferibed it as iron-ochre, from 
which, however, it appears to differ both in colour and 
confidence. It is almod always to be met with in the fpe- 
cimens of native gold from Verefhpatak, but fometimes in 
fuch fine particles as to appear merely as a tarnifh on tlie 
metal* It is to this dud probably that the gold ore, called 
Spanifh fnuff, owes its mat, yellowifh-brown colour. It de- 
ferves further examination. 

4* The grey metallic fubftance occurring as acicular 
indeterminate crydals, along with the gold of Siberia, in 
quartz, and which has been deferibed as tellurium, as grey 
copper ore, See. appears to be native bifmuth. 

For the chemcal charaBers of gold, and the ufes to wliich it 
is applied, fee the fequel of this article. 

ExtraBioncf Gold — This metal is obtained feparate from 
foreign fubdances, with which it is mixed by amalgamation 
with quickfiiver. After it has been freed, by pounding and 
wadiing, from the ftony matter, it is triturated with about 
ten times its weight of mercury. The more fluid part of 
the amalgam is forced through leather, while that wliich is 
more confident, and which contains the chief part of the 
gold, remains. This is fubjcAcd to difHllation, the quick- 
filver is feparated and evaporated, and the gold remains in a 
date of fufion. 'N\^en this metal is found in other ores, they 
are fird roaded, to difperfe the volatile principles, and to 
oxidize the other metals. The gold, which is but little 
fubjeA to oxyddtion, is extradeJ by amalgamation, by cu- 
pellation, or other methods adapted to each ore, according to 
Its properties or condituent parts. The metal obtained in 
thefe ways is always more or lefs alloyed, particularly with 
filver and copper. The fird dep in its purification is the 
procefs of Cupellation^ to which article in our Cyclopaedia 
the reader is referred for accurate information on this part of 
the fubjeil. 

The gold, after it has been fubmitted to this procefs, is 
often alloyed with filver, which, being nearly as difficult of 
oxydation, is not removed by the adion of lead, and hence 
the necefllty of the operations denominated Pariitig and 
Quartation^ which may be explained in a few words. 

Jn Partings the metal is rolled out very thin, and cut into 
fmall pieces, which are digeded in diluted nitric acid mo- 
derately hot. The acid has an aAion upon, and diflolves 
the filver, leaving the gold undifTolved in a porous mafa 
When, however, the proportion of filver is very fmall m 
comparifon of the gold, the latter fometimes proteds the 
former from the aSion of the acid ; in fuch cafes the tire- 
vious dep of Quartation is employed, t^'hich is fo named on 
account of the proportion of materiak employed, vi%, three 
parts of filver, with one of gold, and then fubjeCiing the 
alloy, rolled out, to the operation of the acid. Sometimes 
they are melted together, and fiilphur thrown in, the ful- 
phur combines with the filver, and the gold falls to the bot- 
tom. It is obferved by Lagrange, that tolling and annealing 
are operations very neceffiiry to the fuccefs of the parting 
procefs, and vidiich require fome precautions. lit. The 
plate mud not be too thin, left it fhould break in confequcnce 
of the motion communicated to it *)iy the adion of the acid $ 
if it is too thick the acid could not penetrate to its centre. 


zdly. The annealing'of the plate, at the fame time that it gives 
pliability, facilitates its being rolled without cracking ; it alfo 
opens the pores of the metal, which the rolling may have 
prefled together, and by thefe means favours the adion of 
the acid. 

The procefs recommended by Bei^inan is this : firll to 
diflblve it in nitro-muriatic acid ; the {Hver is depofited fpon- 
taneoufly in the form of muriate of filver, which is infoliiblc ; 
the gold is precipitated in fine powder by the fulphate of 
iron. Each of the above-mentioned procefles is performed in 
fuch a manner as to lead to an eflimate of the quantity of 
gold, and alfo of the different metals with which it is a!- 
Joyed. 

Gold, it is faid, by fome able French chemifls, as Le 
Sage ahd Rouelle, exifts in the vegetable kingdom, it 
having, in experiments infiituted for the purpofe, been cx- 
tmded from the afhes of certain plants ; the quantity, how'- 
ever, being, of courfe, too trifling to be fought after for 
practical purpofes, it is fufficient merely to mention the 
fad in this place. 

Gold, Chemical Properties Gold melts at the tempera- 
ture of 32 ’ of the fcale of Wedgewood ; and what is very 
remarkable is, that it is more difficult of fufion in the flatc 
of filings and grains, tlian in larger mafles ; and that tlie 
fmall fragments, even after they are fufed, remain in fepamte 
globules : and in order to make them run into one inafs, a 
little nitre or borax is thrown into the crucible. Gold, 
which has only been fubjeded to a degree of heat barely ne- 
ceflary for its fufion, is brittle after cooling. To preferve 
its dudility, which, as will be fecn farther on, is one of the 
more important mechanical properties of gold, the tempe- 
rature mull be raifed much higher. It is brittle alfo when 
it is too fuddcnly cooled after fufion. By an increafe of tem- 
perature while the gold is in fufion, it becomes convex on 
the furface, and w'hen It cools, it finks, circumftances which 
are aferibed to the expanfion and contradion of the metal. 
When it is gradually and flowly cooled, it cryflallizcs in tlie 
form of quadrangular pyramids, or regular odahedrons. If 
the heat be continued while it is in pcrS?d fufion, it feems to 
undergo a kind of ebullition. Thiscircumftance was noticed by 
Homberg and Macquer,as well in the application of the burn- 
ing-glafs, as when a fmall globule of the metal was aded on by 
the blow-pipe. Macquer afllrts that it rofe in vapour to the 
height of five or fix inches, and attached itfelf to the furface 
of a filver plate, which it completely gilded. 

The ftrongeft heat of a furnace, which has been applied 
to gold in fufion, has been found incapabre of producing the' 
fmallelt change or the leaft tendency to oxydation 5 but, by 
the adion of a very powerful burning-glafs invente'd by 
Tfehirnhaufen, and which has been deferibed under the arti- 
cle Burning-glass, Homberg found that gold, placed 
in its focus, not only rofe in vapour, but that it was covered 
with a violet -coloured vitreous oxyd. The experiment was 
frequently repeated, fo as to afeertain the fad molt complete- 
ly. The fame thing has been done by means of the elcdric 
difcharge, by whica gold-leaf, placed between two cards, 
has been converted into a violet -coloured powder. Thefe in- 
fiances of real oxydation were, at firft, regarded, by fome 
who witneifed the experiments, us merely minute mechanical 
divifions of the metal, but this apparent objedion has been 
removed by the experiments of Van Mariim on the combufii- 
bility of gold by means of the large elcdrical machine at 
Haerlem. A ftrong eledrica] flicck was pafl'ed through i 
golden wire fufpended in the air. It kindled, burned with a 
perceptible green flame, and was reduced to fine pov^er, 
which was ffilflpated in the air. A fimtlar oxydation ha4 
been obferved to take place on the gilding in the infide of 
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hoilfc?, or OM the which has been (Iruck with 

lightning. The purple oxyd of gold, tlius obtained, con- 
tains five or fix f:r c^nt* of oxygen. By precipitation from 
feme of its falino combinations, a vellow oxyd has been ob- 
tained, in which the proportion of oxygen amounts to ten 
per c^nt. The oxyd in both iiiftances may be decompofed, 
and the oxygen completely expelled, bjr an elevation of tem- 
peratuiH! not much fuperior to that of ignition. 

The attradion of gold to oxygen is fo weak, that it is 
fcarcely affeded by the greater number of acids. It was 
formerly fuppofod to lie perfedly infoltible in the nitrous and 
nitric acids, which in general part with oxygen with fo 
much facility, and when gold leaf is put into the acid cold, 
it feems to fuffer no change, but when nitric^or nitrous acid is 
boiled on gold, it is capable of diflblving a fmall portion of 
it. The quantity diffolved is, however, fo inconfiderable, 
and depends on fo many conditions, which it is needlefs to 
enumerate, that the accuracy of the procefies of aflaying 
can fcarcely be afieded by it. 

When gold is diffolved in the nitro-muriatic acid, or in a 
mixture of equal parts of nitric and muriatic acids, an ef- 
fervefccncc takes place, and the folution becomes of a yellow 
colour. In this procefs tlie nitric acid is decompofed, its 
— ' • " * •; form- 
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nitric acid, impregnated with nitron, oxyd, and he fuppofe. 
that It w o wing to the nitrous oxyd that the gold is oxydated, 
this oxyd being fo much more eafily decompofed than the 
nitrtc acid. The acid which, at firft, is deprived of iu co- 
lOTr by the oxydation of the gold, as this oxyd is diffolved. 
affumes an orange-yellow colour, holding in folution the ni- 
trate of gold with an excefs of acid. The nitrate cannot be 
obtained in cryftals, and it is decompofed by heat or br 
being expofrf to the light of the fun j it is alfo decompofed 



A precipitate , . 

confiding of from eight to ten parts of oxygen in the hun- 
dred. There is no a£fion between gold and azote, hydro- 
gen, carbon, or fulphur : but the oxyds of gold arc readily 
decompofed by hydrogen, as will be foon feen. 

Phofphorus combines with gold by heating together in a 
crucible a mixture of one (.art of gold in filings, with two 
parts of phofohoric glafs, and an eighth part of charcoal. 
Great part of the phofphorus is feparated from the acid, and 
driven off, but there remains a fmull quantity united with the 
gold, forming a phofphuret of gold. It may be done alfo by 
adding phurphorus to gold in a red heat in a crucible. It is, 
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u introducing a plate of tin or filver into 

the folution, and the purple oxyd is preeipiteled in the 
form of powder; and likewife by muriatic acid, which at 
the inRant of combination converts the orange-colour to a 
pure yellow. ® 

2. Muriatf of GoAi— Muriatic acii of itfelf has no aftion 
on gold, or on its purple oxyd, but gold is immediately oxy- 
Gated and then diffolved in oxymuriatic acid : or if nitric 
acid be added to the muriatic in certain proportions, the folu- 
tion ot gold in the mixture is readily effeaed : hence the ni- 
tro-muriatic acid was diftinguiihed by the name of “ aqua 
If?*’’ diffolved gold, which was regarded by the 
alcheimiis as the king of metals. The nature of the chemi- 
cal aftion is thus explained. Gold is -oxydated with 
great difiiculty, but it is effefted by oxymuriatic acid, which, 
readily parts with its oxygen, or by the addition of Uie ni- 
trous to the muriatic, the former of which is decompofed, 
giving out Its oxygen to the gold, which being now oxydated 
18 diffolved in the muriatic acid, forming with it a muriate 
ot gold. Tins folution of the muriate of gold is of a deep 
yellow colour, extremely acrid and cauftic ; has an aftrin- 
ftains the Ikin of a deep purple colour, 
which becomes darker by expofure to the air and light. It pro- 
duces a nmilareffeft on all vegetable and animal matters, and 
on marble and flliceous ftones. By evaporating the folutiou 
to one half, nitric acid is difengaged, and cryftals are obtain- 
Thefe affume a red colour by the aftion of ftrong light. 
Thcy attraft moitture from the air, and fpontaneoufly be- 
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in this Hate, pale coloured, granulated, brittle, and a little come liquid. When oxymuriatic acid is iifed, the oxygen 
more fufiblc. The proportion of phofphorus is not more of this acid being retained even by a weaker affinity than the 

than one part in twenty -four ; and the fubftance may be dc- nitric acid, thr tmld attmAo ;f 

compofed by being kept in fufion ; the phofphorus is driven 
off in the ftate of vapour, and inflamed. Bergman has ar- 
ranged the affinities of gold and its oxyds in the following 
order : 

Go/t/. 0.\y(/s of Gold* 

Mercury, Muriatic-acid 


Copper, Nitric, 

Silver, Sulphuric, 

Lead, Arknic, 

Bifmuth, Fluoric, 

Tin, Tartaric, 

Antimony, Phofphoric, 

Iron, Prullic. 

Platina, 

Zinc, 

Nickel, 

Arfenic, 

Cobalt, 

Manganefe. 

Salts of Go/J.-— Thefe arc the nitrate and muriate. 

I . Nitrate of GM* When concentrated nitric acid is feve- 
ral time4 fucceffivcly poured upon gold, boiled and diflilled to 
drynefs, the gold is diffolved^ and the folution affiimes a ycl- 
low*i(h colour. This folution is more readily efPedled in pro- 
portion to the quantity of m or nitrous gas which the acid 
contains, OoId-leaf| according to Fourcroy, is diffolved in 
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nitric acid, the gold attradlsit, and combines with the mu- 
riatic acid. In this cafe the folution is flow, and but a very 
fmall quantity of gold can bfe diffolved, partly from the oxyi 
muriatic acid not being in a very concentrated Hate, and part- 
ly, It 28 fuppofed, from the quantity of oxygen prefent not 
being fuch as to form a fulficient quantity of o-xyd to fatu- 
rate the acid. It ought, however, to be obferved, that if 
the late difcoveries of profeffor Davy be eftabliffied, which 
make the oxy-muriatic acid a Ample fubftance, and even pof- 
feffing no oxygen whatever, then a new theory mull be intro- 
duced to account for the fads abovc-ftated. In oxy-muriatic 
gas, |old-leaf is inftantly fufed with inflammation, and dif- 

Gold cannot be diffolved by the other acids when in its 
metallic ftate, but its oxyds may be combined with them 
and a number of the falls of gold be formed. The fulphate 
and nitrate alfo, as we have feen, donot cryftallize : the phof- 
phate of gold may be fufed, and in this fUtc it forms a fine 
red ^als. We (hall now briefly notice fome of the proper- 
ties of the muriate of gold. In conuedion with this fubieft. 
we muff not omit the c^riments of Mrs. Fulhame, which 
ihe announced in an « Effay on Combuffion,” with a view 
to a new art of dyeing and painting, &c. in the year I 7 qa, 
and which were, at that period, expeded to lead to fume 
important pradical refults. 

The muriate of gold is very foluble in water, and h de- 
corapofed in hydrogen gas. If a piece uf illk be moiftened 
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witli a foitttion of muriate of gold) the fait is decompofedy 
and the gold) reduced to the metallic ftate, attaches itlelf to 
the filk* It is decompofed alfo by phofphorus. If a flick 
of phofphonis be introduced into a faturated folution of 
muriate of gold) the fait is decompofed, and the gold, being 
reduced to the metallic ilate, forms a cylindrical covering to 
the phofphorus, which may be feparated bv dilTolving the 
latter in hot water. A fimilar effedl is proauced by burn- 
ing fulphur, by fulphurated and phofphoratcd hydrogen 
gafes, and by lulphurous acid. If a folution of muriate of 
gold be cautioufly added to fulphurous acid, a fine pellicle 
of gold appears on the furfacc, which is inftantly precipitated 
in Uie form of fmall grains, Thefe, and many other experi- 
Aments equally curious and interefting, were firfl deferibed 
by the lady above-mentioned, and the rationale of the fubje£l 
is thus explained. All the fubflances which have been 
enumerated have a flronger affinity for oxygen than gold, 
fo that the o'xyd of gold, in combination with the acid, is 
decompofed ; the oxygen combining with the hydrogen, 
and forming water, or with the phofphorus or fulphur, 
and forming fulphuric or phofphoric acid. 

The muriate of gold is foluble in ether, and forms with 
it a folution of a ^Iden yellow colour, which floats on the 
top of the fluid. By the addition of ether to a folution of 
gold, and agitating tne mixture, as foon as it is left at reft, 
tne two liquids feparate, the ether rifes to the top, and 
aflumes a yellow colour, while the nitro-muriatic acid re- 
mains below and becomes white. By a procefs of this kind 
a tindlurc of gold was prepared, called “ potable gold.’* 
The folution of gold in ether is not permanent : it is quickly 
reduced to the metallic flate, and is fometimes found cry- 
flallized on the furface. The etherial folution is ufed by 
Mr. Stodart for defending lancets, and other furgical inftru* 
fiicnts, from injury by a moift atmofphere. 

The muriate ot gold is decompofed by all the alkalies 
and earths, and is reduced to the flate of yellow oxvd. 

Moft of the metals decompofe the muriate of gold : cop- 
per, iron, zinc throw down the gold in its metallic flate : 
Other metals, as filver or lead, in the date of purple oxyd. 
The precipitate obtained by means of tin is valura for the 
beauty of the colour which it gives to glafs or enamel. 
This preparation is known to artifls by the. name of the 

Purple powder of Caffius,” and it may be obtained by 
various proceffes. That which is commonly reforted to, is to 
diflblve pure gold in a nitro-muriatic acid, which is compofed 
of three parts of nitric and one of muriatic acid. A folu- 
tion of tin is to be prepared by dilTolving the metal, in fmall 
portions at a time, in an acid containing two parts of nitric 
and one of muriatic acid, previoufly minted with an equal 
weight of water. This folution, after it is faturated, is 
largely diluted, perhaps with a hundred parts of diflilled 
Water ; to this the folution of gold equal in quantity to 
half the quantity of folution of tin, is added, and the preci- 
pitate is obtained after it is allowed to fubfide, which is to 
be walhed and dried. This is the only known preparation 
capable of giving a red colour to glafs ; and if the experiment 
be performed with accuracy zni judgment, the glafs fo 
treated fcrvcs as a capital imitation of the ruby. The 
procefs is, however, attended with confiderable difficulty, 
owing to the colour of the precipitate being various, from 
dircumflances not eafily difeovered. According to Pelletiert 
it is a compound of oxyds of tin and gold; and its formation 
ik owing to the ftrong attra6lion of tne tin for the oxygen, 
with vmich it is dil^ed to combine in large quantities. 
When the folutions, above deferibed, are mixed, the oxyd 
of tin, which is nearly at tlie minimum of oxydizement, at- 
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tradls part of the oxygen of the oxyd of gold: the two 
oxyds thus brought to flates of oxydizement, different from 
thofe in which Uiey exifled in the fj^arate folutions, and 
probably likewife exerting mutual affinities, are no longer 
foluble, and are precipitated in combination. Muriate of 
gold is decompofed by fome other metallic falls, in Confe- 
quence of fimilar aftions ; the oxygen of Ae oxyd of gold 
being attracted by the oxyd of the other metal, which 
hence paffes to a higher flate of oxydizement. Thofe which 
have a ftrong tendency to cxifl in fuch a flate, arc capable 
even of completely dc-oxydizing the oxyd of gold. Ex- 
ample.— If a folution of the green fulphate of iron be added 
to the folution of muriate of gold, t^ gold is precipitated 
in very minute particles in the metallic flate, while the iron 
paffes to the flate of a red fulphate. A folution of muriate 
of gold, when concentrated by evaporation, yields beautiful 
yellow cryflals, not unlike topazes. 

Gold, as we have feen, does not combine wdth fulphur 
by fuiion, and on this is founded a method of .freeing it tirom 
filver or other metals, the alloy being fufed with fulphur, 
the filver, See. unite with the fulphur, leaving the g^ld fepa- 
rate. But gold and fulphur may be united by the medium 
of an alkali. Example. — Let a lulphuret of potafh be fufed 
with one-eighth of its weight of gold-leaf, and the combina- 
tion is even foluble in water, the folution being of a green 
colour. 

jilloyt t>f Go/t/.— Gold forms alloys with the greater 
number of the metals, which produce on the metal fo alloyed 
a very particular change in its properties. An extenfive 
and accurate feries of experiments on thefe alloys was made 
by Mr. Hatchet, with tlie view of determining fome im- 
portant and interefting fa6ls relating to the ufe of gold as t 
coin. Of thefe we ftiall give a brief abflraA, referring our 
readers for a more particular account to the Tranfaftions of 
the Royal Society for the year 1803. 

The chief enquiry of Mr. Hatchet, as conne£led witii the 
alloys of gold, was, whether foft and dudlile gold, or gold 
made as hard as is compatible with the procefs of coining, 
fuffers moft by wear. His experiments were intended to 
examine the effects which various metals produce upon gold, 
when combined with it in given proportions, beginning with 
^'^th, which is the ftandara proportion of alloy, and gradually 
decreafing to tVtv part of mafs. The vefults drawn from 
the trials were, that fine gold, alloyed with filver, with 
copper, and with tin, did not fuffer any lofs during the 
experiment. The gold alloyed with lead only loft three 
grains, chiefly by vitrification ; with iron il loft 1 2 grains, 
which formed fcoria ; with bifmuth it loft 1 2 grains, chiefly 
by vitrification 5 with zinc it loft a pennyweight by volati- 
lization ; and with arfenic, it not only loft the w'hole quan- 
tity of alloy, but alfo two grains of the gold wAich w’cre 
carried off in confequence of the rapid volatilization of the 
arfenic. Hence it was inferred that only two metals are 
proper for the alloy of gold coin, namely, filver aid copper ; 
as all the others either confiderably alter the colour, or 
diminiih the du£lility of gold. In refpe£l to the latter 
quality, the different alloys employed in this feries of ex- 
periments appear to affedl gold nearly inf the following 
decreafing order : i. Bifmuth. 2. Lead. 3. Antimony. 

4. Arfenic. 5. Zinc. 6. Cobalt. 7. Manganele. 8. Nickel. 

9. Tin. 10. Iron. xi. Platina. I2. Copper, and, 13... Silver. 
The three firft have nearly the fame effeft on goM, and 
bifmuth is found to render gold brittle when the propor- 
tion of that metal is to gold only as i to 1920; even the 
vapour arifing from bifmuth, lead, and antimony in fufion, 
produces thcle changes. 
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The alloT withplatina is of a yellowifti white colour, very 
diift6iile, ana of a confiderable fpecific gravity. The alloy 
with lilver in the ftandard proportion, or i to i a, approaches, 
as we have feen above, the neareft to the duAility of fine 
gold of any alloy, and its fpecific gravity differs but little 
from the mean fpecific gravity of the two metals. When 
the filver amounts to {th, the colour of the alloy approaches 
to green, and forms the green gold of the goldfmiths. In 
combination with copper, gold has its colour rather 
heightened than impaired ; its hardnefs is increafed and its 
duSility very little leflened, when the ftandard proportion of 
I part in 12 is not exceeded. This alloy of 22 carats fine is 
generally ufed, when gold is fabricated into plate or orna- 
ments, and like wife forms the gold coin of the country. 
With quickfilver, gold unites with great facility, making 
with it an amalgam which will be dcfcribed hereafter. The 
alloy with iron is much harder than gold, very duAile and 
malleable ; but the colour is debafed to a dullifh grey, inclin- 
ing to white. Tin was formerly regarded as the metal 
which rendered the alloy with gold tiie moft brittle of all 
the alloys, but the experiments of Mr. Bingley and Mr. 
Hatchet have (hewn that this notion is to a certain extent 
erroneous, and that the effeAs produced by the mixture of 
till with gold, ought probably to be alcribed to other 
metals, widi which the tin was contaminated, fuch as bif- 
muth, antimony, lead, and zinc. The alloy, confiftinjg of 
equal parts of zinc and gold, is very hard and fufceptib^ of 
a fine polifh, and not being fubjeA to much alteration from 
the air, it is recommended for the fabrication of the mirrors 
of telefcopcs. The alloy of gold with filver, in which there 
is only ^*^th part of filver, changes the colour of the gold 
very fenfibly ; and the alloy is employed for foldering gold, 
being more fufible than this metal. 

Gold, PhjJical properties of* Gol^f aurum$ a yellow 
metal, heavy, pure, duAile, malleable, and fliining; and on 
thofe accounts, the moft valuable of all metals. In fufi- 
bility it ranks between filver and copper 5 it is not oxydable 
by fufion in atmofpheric air ; nor is it a Aed upon by any of 
the acids, except the oxy muriatic and nitro-muriatic. 

The yellow colour of gold is rendered paler by fufion with 
borax ; but this may be prevented or correAed by fufion 
with nitre, or fal ammoniac. The colour of gold is 
heightened by an alloy of copper, and this property of 
copper has given rife to fundry procefles for exalting the 
colour of this noble metal. Other metals render it paler. 
The alchemifts call gold, folt the fun ; to denote its pre- 
eminence over the other metals, which are called by the 
names of the planets. Its fymbol, or charaAer, is O ; 
which, in their hieroglyphical way of writing, denotes per- 
feAioa, fimplicity, folidity, &c. 

The weight of gold is to that of water, according to fomc 
ftatements, as 19.637 to 1000. Fine gold, immerfed in 
water, weighs nearly one nineteenth part lefs than in air, 
and confequently it is upwards of nineteen times heavier than 
its own volume of water. However, the fpecific gravity of 
gold, or its comparative weight with an equal volume of 
water, has been varioufly aUigned: fome have made it 
19*657, others 19.640, and in the Swedifti Tranfa^tions it 
is made no lefs than 20.000; that of water being 1000. 
Others again have made it as low as 1B.75. ^om the 
experiments of Mr. EUicot, it does not appear to have ex- 
ceraed 1^207 f from thofe of Dr. Lewis, on the pureft 
gold, w^ hammered, its gravity is ftated between 19.300 
and 19.400. In all experiments of this kind, the retiilt 
ftiould be fpecified with an account of the fenfibility of the 
balance, and the quality and warmth of the water. An in- 
creafe of heat rarefying water more than it docs gold, 


GOLD 

gold muft turn out proportionably heavier than an equal 
volume of the expanded fluid ; and this difterence is more 
confiderable than it has generally been fuppofed. From 
freezing to boiling water, or by an augmentation of heat 
equivalent to 180^ of Fahrenheit’s thermometer. Dr. Lewis 
found that a rod of gold was lengthened about one part in 
700, and confequently its volume increafed about one part 
in 233, while the volume of water is increafed one twenty- 
fixth or more ; hence it appears, that by an augmentation 
of ±oP of the thermometer, or from a little above freezing 
to the fummer heat, the volume of gold, if its expan fion be 
uniform, is increafed one part in 1048, and that of water 
one in 117; and the gravity of gold, weighed in the water 
fo warmed and expanded, (hould be greater than when tlie 
gold and water are 40 ^ colder, in the proportion of about 
19.265 to 19.400: and this calculation gives a difference, 
in the gravity, of 0.034* for every 10“ of the thermometer; 
but fome trials feemed to make it greater. It has been 
imagined, that the comparative gravity of gold to brafs 
weights, which are more than double in volume to an equal 
weight of gold, muft be fo far influenced by the variable 
gravity of the atmofpherc, that there muft be an advantage 
in buying gold by weight when the air is lighteft. But Dr. 
Lewis obiCTves, that" this difference appears too inconfider- 
able to be regarded in a commercial view. For the lofs of 
weiglit of the two metals in the air being as mucli lefs than 
their lofs in water, as air is lighter than v\ ater ; and air, if 
we admit the accuracy of the conclufion deduced from an 
experiment of Mr. Hawkfbec, being in its lighteft ftatc 
about a 937th, and m iis heavieft ftate about an 848th part 
of the weight of water ; it will be found, on calculation, 
that the gold preponderates above the brafs, in the heavieft 
more than in the lighteft air, only by one part in 145.OCO, 
or one grain in about 302 ounces ; which is a difference too 
minute to be fenfible in the niceft balance. If the mean 
gravity of gold be reckoned 19.300, as a cubic inch of 
water weighs about 254 grains, a cubic inch of gold will 
confequently weigh about 4902 grains, or 10 ounces, 162 
grains. The pound weight, or twelve ounces Troy, of 
gold, is divided into twenty-four carats. Dr. Lewis ftates 
the fpecific gravity of fine gold at 53° Fahrenheit, to be 
19.376. According to Briflbn the fpecific gravity of fine 
gold in ingot is 19.258, and when hammered 19361. 
The fpecific gravity of gold made ftandard by Brilifli 
copper, was found by Mr. Hatchett (fee Phil. Tranf. for 
1803) to be 17.281, when call in art iron mould; but 
when the fame was caft in fand, it was only 16.994. (See 
Specific Gravity.) The foftnefs of gold, for it is nearly 
as foft as tin, and its toughnefs, adapt it for receiving the 
impreftions of dies, and of courfe to be reduced to the ftate 
of coin, and for various other purpofes in the arts. 1 1 is 
but fliglitly elattic and fonorous. With regard to nai ity, 
it is inferior to iron, copper, platina, and filver, and there- 
fore the affertions of former chemifts and philofophtrs have 
been contradiAed by later experiments, fob gold has been 
ufually reprefented as the moll tenacious as wdl as the moll 
duAilc of all metals. Its malleability and duAility are 
fufficiently evinced by the Go'Lp-haf and CioLO-wZ/v, which 
fee. See alfo Ductility. 

The value of gold to that of filver, was anciently only as 
twelve to one. Indeed, this proportion varies as gold is 
more or lefs plentiful : for Suetonius relates, that Caefar 
brought fuch a quantity of gold from Italy, that the pound 
of gold was only worth feven pounds and a half of filver. 
In our coinage, tlie value of fine gold to fine filvt r Is nearly 
as iS^to I. (See Coin and Standard.) Sir Ifaac New- 
ton obferves, in a icprcfer.lation.to tlie lords of the trcafiiry 



GOLD 

ih the year 1^1*1$ that in the mints of Spain and Portugal the 
value of gold is fixteen times that of filver 5 but that in thofe 
countries, payments in filver bearing generally a premium of 
fix per cent, the proportion may be confidered as fixed by 
commerce at 15 to i ; that in the other parts of Europe, 
the value of gold is at moll fifteen, and in China and Japan 
but nine or ten times that of filver ; fo that gold is rated 
higher in England than in any other part of Europe, and 
higher in Europe than in the Eaftern countries. Hence, in 
great meafure, arife the profits of exchanging gold for filver 
m one place, and re-exchanging them in another ; and hence 
the greater difparity between the relative quantities of gold 
and filver in one commercial nation than in another ; this me- 
tal being brought in moll abundance which is rated highcll 
in proportion to the other, and that which is rated lowed be- 
ing tlrained away. There are various ways of determining 
the finenefs of gold ; or the proportion of alloy wliich it 
contains. Thofe who are nfed to this bufinefs can judge 
nearly the proportion of alloy from the colour of any given 
mafs, provided that the fpecies of alloy be known. For the 
method of doing this, fee Tovcii^/iceJIis. The great excefs 
of the weight of gold, above that of the metals ufed for its 
alloy, affords another method of determining the quantity of 
alloy in any given mafs, where the fpecies of alloy is known. 
Thus fine gold lofes in water one grain in cveiy 19.3 nearly; 
and fine filver lofes one grain in about eleven ; from whence 
it is eafy to find the lofs of any number of grains of each, 
and confequently of any aflignablc mixture of the two me- 
tals. Thus, fifty grains of gold will lofe above 2{, and fifty 
grains of filver fomewhat more than 4I ; fo that a mixture 
of equal parts of the two will lofe above feven in a hun- 
dred, or one in fourteen. A mixture of gold with half its 
weight of filver will lofe one part in 1 5.4 ; with a third of 
filver, one in 16.2 ; w’ith a fourth, one in 1.67 ; and with an 
eleventh of filver, which is the llandard proportion of alloy, 
one in 18 i. On this principle, the fpecific gravity or pro- 
portional lofs in water, of gold alloyed with difl'erent quan- 
tities of filver, copper, and mixtures of both, may be com- 
puted and formed into tables for ufc. The accuracy of this 
method, it fliould be obferved, depends on the fuppofition 
that each of the two metals, that are melted together, re- 
tains its own proper gravity, which is the cafe in mixtures 
of gold and filver ; but gold and copper, melted together, 
are fpecifically lighter than if they were weighed fcpalatelv; 
or the fpccihc gravity of the alloy is lefs than that of the 
mean of its ingredients ; the cafe is the fame with the alloys 
9f nickel and gold, of lead and gold, of iron and gold ; 
but the reverfe happens in mixtures of gold with zinc, bif- 
muih, and tin. It appears, therefore, that the hydroftatic ba- 
lance cannot difeover, with certainty, the exaft finenefs of 
gold, unlefs when filver is the metal mixed with it. 

Tliere are various methods of feparating gold from gilt 
works : it may be feparated from the furfacc of filver, cither 
by fpreading over the gilt filver a pafte made of powdered 
£il ammoniac moiftened with aquafortis, and heating it till 
the matter fmokes, and is nearj^ dry ; throw it into water, 
and the gold will eafiiy come off by rubbing it with a fcratch 
brufii : or, by putting the gilt filver into common aqua re- 

f ia, nearly boiling, and turning the metal frequently^, till it 
cconics all over black ; then w'aih it with water, and rub it 
with the fcratch brufii, which will difengage the gold left by 
the aqua regia. See Gilding* 

Gold may be feparated from gilt copper, by applying a 
folution of borax to the gilt parts with a pencil, and fprink* 
ling over the place thus moiftened a little powdered fulpbur; 
when the piece is made red-hot and quenched in water, the 
^old may be wiped off with a brufli. 
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Gold may be recovered from wood, gilt on a water fixcf 
by ileeping it for a quarter of an hour in a quantity of very 
hot water, fulHcient to cover it ; then ferub the wood in a 
little warm water, with Ihort lliff briftle brufhes of different 
fixes ; boil the whole mixture of water, fize^ gold, &c'. to 
drynefs ; make the dry matter red-hot in a crucible to burn 
off the fize, and grind the remainder with mercury. The 
gold will be more cafily laid hold of by the mercury, by the 
addition of feme clean fand. 

Gold, Alchemical Hiflory of. See Philosopher’s StonCf 
and Transmutation. 

Gold, Amalgam of is a preparation of gold much ufed 
by the gilders (fee Gilding) ; and it is made by heating 
fome pure quickfilver in a clean crucible, and adding to it, 
when it is nearly boiling, about a fixth of its w^eight of fine 
old in thin plates that arc hot ; after this mixture has been 
ept hot for a few minutes, it becomes an homogeneous fub- 
ftance ; and when cold, it is put into a piece of foft leather, ^ 
and wliich is gradually preffed till the fluid part of the amal- 
gam, confiding alinoft wholly of mercury, is forced through 
the pores of the leather ; while the gold, combined with 
about twice its weight of ruercm*y, will remain in the ftatc 
of a yellow filvery mafs, of the confiftence of foft butter ; 
when this mafs has been bruifed in a mortar, or fhaken in a 
phial, with repeated portions of fait and water, till the water 
receives no foulnefs from it, it is fit for ufe, and may be 
preferved for any time in a corked phial. For the purpofes 
of gilding it is of great importance, that this amalgam 
(hoind be formed of pure materials, as any portion of lead 
or bifmuth would deteriorate tlie colour of the gold, and 
tarnifli it with black fpecks. The mercury fliould tlierefore 
be previoufly diftillcd from the red precipitate (nitrous red 
oxyd of mercury), either alone or mixed with a little char* 
coal pow^der. Sec Amalgam and Mehcurv. 

Gohx>^beattngy and GoLD-hcater s Jktn. See GohD^leaff 

Gold, Burui/bed^ is that which is poliflied with a ftetd in-, 
ftrumenl, called a burniflier, if it be wrought gold, or gild- 
ing on metal ; or with a wolf’s tooth, if it be gilding in water. 
See Gilding. 

Gold Chain. See Chain. 

Gold Coiny or fpecies of gold. Sec Coin and Coinage. 

Gold Colour on Glafs and China, See Gems, Glass, 
Gilding, and Poucklain. 

Gohjxoloured Gla%ing. See Glazing. 

Gohjy-coloured Metals produced by melting zinc wdth cop- 
per. According to the purity of the zinc and copper, the^ 
proportions in which they are mixed, and the intimacy of 
their union, the compound metal proves more or lefs malle- 
able, and approaches more or lefs to the colour of gold. 
Some direfl the zinc to be taken only in a fifth or fixth part, 
of the w’eiglit of the copper, and others in an equal weight 
or more. Dr. Lewis obferves, from the rcfult of many ex* 
periments, that both wdth the fmalleft and largeil of thefe 
quantities of zinc, the metal proves more like gold than with 
the intermediate proportions. 

The colour of thefe compounds is improved by a finalf 
mixture of fome other met.tilic bodies. Cramer recommends 
the addition of a frnall quantity of pure tin to copper, melt- 
ed with a fourtii or fixth part of zinc, which forms a com* 
pound metal, that acquires^ on being well cleaned, and laid 
in the air for fome days, a fuperlicial colour of fine gold. 
Geoffrey fays tliat iron has the beft effedl : w'ith the pro- 
portions of ten parts of zinc, eight of copper, and one of 
iron-filings, he produced a metal of a fine fmooth grain, com* 
pa6l, hard, and bright, and of a beautiful gold emour. By 
making the copper firft into brafs, and then melting it witK 
a fuitable quantity of zinc^ a metal may be obtained of fu* 
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perior quality to that produced either by melting the copper 
and zinc, or by impregnating the copper with zinc, hj ce- 
mentation and fufion with calamine; which ib a method lome- 
XimcB praaifed. A very ingenious artift, fays Dr. Lwis, 
who now prepares a gold-coloured metal in great perfec- 
tion, has a fine kind of brafs made on purpofe for this 
ufe. The union of the copper and zinc in fufion, fuccceds 
beft and with leaft lofs of the zinc, according to Dr Levvis, 
by ufing a mixture of black flux and borax, or a compofition 
of twelve parts of green glafs powdered, fix parts of pot- 
afh two of borax, and one of powdered charcoal ; when this 
flux is fufed in the crucible, the copper and zinc are dropped 
into it ; and when they appear perfeaiy melted, they are to 
be well llirred together with an iron rod, and expeditioufly 
poured out. The fame flux will ferve for melting feveral 
frefh quantities of the metal. Dr. Hooke gives the follow- 
ing receipt for making a gold-coloured metal : eight parts 
of diililled verdigris, i. e. of verdigris purified by folution 
in diililled vinegar and cryflallization, and four parti of 
Alexandrian tutty, with two of nitre, and one of borax, 
are directed to be mixed with oil to the confidence of pap ; 
then melted in a crucible, and poured into a flat mould firft 
well warmed. A compofition of this kind is called aurum 
faplM'icum, 

The following method is recommended by Homberg for 
giving a gold colour to copper, without the addition of 
zinc ; make an amalgam of one part pure copper, and tlirce 
parts quickfilrer ; boil this in river-water for two hours, 
then dillil off the quickfilver in a retort, and cohobate it 
once ; take out the copper and fufe it, and it will be found 
of a beautiful gold colour, more du6lile than common cop- 
per, and extremely well fitted for watch-work, gilding, and 
the finer machines and utcnfils. The celebrated Mr. Pott 
'affirms that a gold-coloured metal may be made from a 
mixture of copper and tin, and direAs it to be compounded 
in the following manner; Take one half ounce of tin afhes, 
and four half ounces of copper ; melt them well together 
in a clofe luted crucible, with a ftrong fire ; or take one 
half ounce of the pureft tin cut in pieces, and fixteen half 
ounces of pure copper beaten into thin plates ; lay the tin 
between the copper-plates, lute the crucible clofe, and melt 
with a ftrong fire. See Prince*! Metal and Tombac. 

Silver is tarnifhed fuperficially, by certain vapours, as 
that of putrified urine, to a colour fo like that of gold, 
that feveral edifts have been iflued in France to prevent 
frauds of this kind with regard to wire and lacet, 
GohTxolmred PigmenU. See Pigments. 

OoLX}<oloured Famtfh* See Lacquer* 

Gold, Crown, See Coin and Standard. 

Gold, Dutchy is a kind of . leaf ufed in gliding, &c. 
which is copper gilt, or brafs beaten into leaves like the 
genuine gold-Ve;\f It is faid to be made from copper- 
plates, by cementation with calamine, without fubfequent 
fufion. Tlic thickneft^ compared with that of leaf-gold, is 
as nineteen to four, and under equal furfaces it is confi- 
^erably more than twice as heavy as the gold. 

Gold, Farthing of. See Farthing. 

Gold, Fine or Parr, is that pur^d by the fire of all its 
impurities, and all alloy. The Latins call it aurum purumy 
aurum primumy aurum ohrizumy aurum coSum* 

The modems frequently call it fold of twintjfmr carats ; 
but, in reality, there is no iuch thing as gold lo very pure ; 
and there is sJways w'anting at leaft a quarter of a carat. 
Gold of twenty-two carats has one part of iilver, and an- 
other of copper: that of twenty-three carats has half a 
part, i f. halt a twenty-fourth of each. 

Bouteroue maintains, that the eleflrum of t)ie ancients 
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was gold of nineteen carats; or four parts gold, and aftftk 
filver. 

From an ordinance of king John of ranee, it appeara 
that the gold then (truck at Paris vtzi of nineteen carata 
one-fifth ; and yet it is added that it was the beft and finefh 
gold then known on earth. S. c Standaiid. 

Gold, Fulminating^ aurum fulminnnsy a precipitate of 
gold from iis sitro-muriatic folution by ammonia, which 
pofleffifs a molt remarkable e .:pi jfi vc property. See A URUM. 

It is prepared by dil'.’:ing a folution of muriated gold 
with fix or eight time? its bulk of diftilled water, adding 
drop by drop lupil J ammonia, till the precipiration ceafes ; 
then let the yellow powder thus obtained be feparated by 
a Alter, well wafhed in hot ater, and afterwards dried* 
The fulminating gold, thus procured, will exceed the weight 
of the original gold by about 33 parts in 100. If a fmall 
quantity, r. v. half a grain, of this powder be held over a 
candle, in a fpoon or on the blade of a knife, it prefcntly 
explodes with a very loud report. This powder (hould be 
very cautioufly ufed ; the temperature requifite for its ex- 
plofion is dated at above 250^ of Fahrenheit. Before it 
explodes, its yellow colour changes to black, and at the 
moment of its decompofition an inftantaneous flafh is ob- 
ferved. The principal energy in explofion is directed down- 
wards, infomuch that two or three grains of it exploded on 
a moderately thick fheet of copper will burft a nole in it. 
This fait is decompofed by an eleArical fliock, but it can- 
not be ignited by a fpark from ele6lricity or from flint and 
ttecl. It will vehemently explode by fudden fri£lion, and 
therefore, in order to avoid dangerous accidents of this 
kind, it (hould never be kept in a ground-ftoppered bottle. 
The facility of its explofion is very much incrcafcd by high 
drying ; fo that if it be heated till it becomes black, and is 
immediately removed from the fire, it will frequently go 
off by a mere touch. If the fulminating gold be mixed 
with four or live times its weight of chalk, or fulpnat of 
potafh, or with any pulverulent fubftance neither fufible nor 
decompofable at a moderate temperature, and expofed gra- 
dually to a low heat, it will be quickly decompofed, leav- 
ing merely the purple oxyd of gold. The fame effeft may 
be produced by very cautioufly heating the fulminating 
gold without any addition, removing it from the fire when 
It has changed its colour, and when cold heating it again, 
and proceeding in this way till the powder becomes purple, 
in which ftate it will have entirely loft its explolive faculty. 
A flmilar change occurs by melting fulphur at the lowcft 
poffible heat, and dropping in the mlminating gold by half 
a grain at a time, well mixing it ; the fulphur may then be 
burnt off without danger, and minute grains of metallic 
gold will be left behind. « The true theory of the de^ 
compofition of fuin>inating gold was partially difeovered 
by Bei^man, and has fince been fully illuftrated by Berthol- 
let. The former of thefe able chemifts (hewed that this 
fait, when decompofed in clofe veffels was reduced to gold, 
partly in the metallic ftate and partly in that of purple 
oxyd, and at the fame time a gas was extricated in bulk 
about a thoufand times as great as that of the original fulmi- 
nating fait, and which extinguifhed flame and animal life, was 
not abforbed by uratcr, and gave no precipitate with lime- 
water. Berthoflet, by decomposing the fame fubftance iii a 
copi^ tube, conneAed with a jar inverted in mercuir, 
obtained azotic gas and a few drops of unHer, and Ihe 
gold was reduced to the metallic appearance. Now as am- 
monia is compofed of hydrogen ana azot, and as the affi- 
nity of gold for oxygen is very flight, it is manifeft that 
the det^pofitioD and explofion, under the circumftanccs 
already mentioned, are occafion^ by the oxygen of the 
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gold and the hydrogen of the ammonia combining to form 
water, and to the liberation of the azot and its fudden af- 
fumption of the gafeous ftate/’ Aikin’s Di£t, 

Gold, Leaf ^ or beaten poU, h jold beaten with a ham- 
mer into exceedingly thin Icavts. ft h aflionifhing to con- 
fider the iinenefs to which a body of gold is thus reduced. 
In an experiment of Reaumur’s, forty-two fquaro inches 
and three tenths of gold-leaf weighed one grain Troy ; and 
Mr. Boyle found that fifty and ' leven tenths weighed but 
a grain. As a cubic inch of gold weighs 4902 grains, 
the thicknefs of the gold-leaf examined by the one was 
the 207355th, and of that by the other only the 248532nd 
part of an inch. See Ductility 0/ Gold. 

This gold is beat on a fmooth block of black marble, 
from two hundred to fix hundred pounds in weight, and 
about nine inches fquare on the upper furface, fitted into 
the middle of a wooden frame, about two feet fquare, fo 
as that the furface of the marble and frame form one even 
plane. Three of the fides are furnifhed with a high ledge, 
and the front, which is open, has a leather flap failened to 
it, which the gold beater ufes as an apron, for preferving 
the fragments of gold that fall off. Three hammers are 
employed in this bufinefs, having two round and fome- 
what convex faces : the iirft, culled the cutcli hammer, is 
about four inches in diameter, and weighs fifteen or iixtecn 
pounds : the fccond, called the fliodcring hummer, weighs 
about tw'clvc pounds, and is about the fame diameter : the 
third, called the gold or finifhing hammer, weiglis ten 
or eleven pounds, and is nearly of the fame width. The 
French ufe four hammers, difloring both in fize and fliupe 
from thofe of our workmen. 

The gold beaters alfo ufe tliree kinds of animal mem- 
branes ; Come of which are laid between the leaves to pre- 
vent their uniting together, and others over them to defend 
them from injury by the a£tion of the hammer. For the 
outfide cover, they ufe common parchment made of (Keep 
fkin ; for interlaying with the gold, firR, the fmootheft and 
clofeft vellum made of calves fkin ; and afterwards, the 
much finer (kins of ox -gut, ftript ofl' from the large ftraiglit 
gut flit open, prepared on purpofe for this ufe, and hence 
C'AM gold-beater s fkin. The general procefs of their pre- 
paration, is fa id to confill in applying one upon another, by 
the fmooth fides,' in a moill llate, in which they readily 
cohere and unite infeparably, ilrotching them on a (irame, 
and carefully feraping off the fat and rough matter, fo as 
to leave only the fine exterior membrane of the gut ; beat- 
ing them between double leaves of paper, to force out the 
remaining undlaofity ; moiflening them once or twice with 
an infufion of warm fpices, and laftly, drying and prefling 
tbem. It is faki, that fome calcined gypfum, or plafter 
of Paris, is rubbed with a hare’s foot, both on the vdlum, 
and ox-gut (kins, which fill up their pores, and prevent 
the gold leaf from flicking. Tliefe fkins, after feventy or 
eighty repetitions, become unfit for ufe; but their virtue 
may be rellored by interlaying them with leaves of paper 
moillened with vinegar or white wine, beating them for a 
whole day, and afterwards rubbing them over with plafler 
of Paris ; and even holes in them may be repaired by the 
dextrous application of frefli fleins. 

Gold, tlje manner of preparing and beating They fir (I 
melt a quantity of the pureft gold in a black-lead crucible, 
with fome borax^ in a wind furnace, and pour it into an 
iron ingot mould, fix or eight inches long, and ^ of an inch 
wide, prevjoufly greafed and heated ; the bar of gold is 
made red-hot and forged on an anvil into a long plate, 
which is farther extended, by being paiTed repeatedly be- 
{>oUfhe4 ftftcl rpUers, till it becomes a ribband, as 
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thin as paper. This ribband is divided by compafTes, and 
cut with {hears into equal pieces, which ate forged on an 
anvil till they are an inch fquare, and afterwards well an« 
nealed. Two ounces of gold, which is the quantity melt- 
ed at a time, make a hundr^ and fifty of thefc fquares, 
fo that each of them weighs fix grains and two fifths % 
and as 4902 grains of gold make a cubic inch, the tliick- 
nefs of the fquare pieces is about the 766th part of an 
inch. All thefe fquares are interlaid with leaves or vel- 
lum, three or four inches fquare ; one leaf being laid be- 
tween every two of them, and about twenty more of the 
leaves are laid on the outfides: over thefe is drawn a 
parchment cafe open at both ends, and over this another, 
in a contrary dirc6\ion, fo that the vellum and gold leaves 
are kept tight and clofe. The whole is then beaten with 
the heavicfl hammer, till the gold is flretched to the ex- 
tent of the vellum : the pieces taken out of this cafe or 
mould, are cut in four with a- fteel knife; and the fix 
hundred pieces thus produced are interlaid, in the fame 
manner, with pieces of the ox-gut fleins, five inches 
fquare. The beating is repeated with a lighter hammer, 
till the golden plates have acquired the extent of the (kin ; 
when they are divided into four, by a piece of cane cut 
to an edge. T)ie whole number of leaves is then divided 
into four parcels, which are interlaid, as before, and 
beaten feparately, till they are flretched for the third time 
to the fi/.e of the fleins. The French repeat the divifion 
and beating once more. After the lad beating, the leaves 
are taken up by the end of a cane inilrument, and being 
tlirown flat on a leathern cufhion, are cut to a fize, one 
by one, with a fquare frame of cane made of a proper 
fliarpncfs, or with a frame of wood edged with canc. They 
arc then fitted into books of twenty-five leaves each, the 
paper of which is well fmoothed, and rubbed with red bole 
to prevent their flicking to it. The fr/.c of the French gold 
leaves is from fome what lefs than three inches to 3^ fquare ; 
that of om ’s from three inclics to 3 We (hall here obferve, 
that the gold ufed for the above purpofe is never pure, 
bccaufe pure g«ld is too du6lile to be worked between the 
gold-beater’s Bcins. The ncwcll fkins will work the fined gold, 
and make the thinned leaf, becaufc they are the fmoothed. Old 
fleins, being rough or foul, require coarfer gold. 'Fiie 
fined gold for this purpofe has three grains of alloy in the 
ounce, and the coarfed 1 2 grains. In general the alloy i;^ 
fix grains, or one eightieth part. The alloy of leaf-gold 
is filver, or copper, or both, and the colour is produced 
of various tints accordingly. Two ounces and two penny- 
weights of gold are delivered by the mader to the work- 
man, who, if very fkilfid, returns 2000 leaves, or 80 books, 
of gold, together witli one ounce and fix pennyweights 
of wade cuttings. Hence one book weighs 4.8 grams ; 
and as the leaves ineafure 3.3 inches in the fide, the thick- 
nefs of the leaf is one two hundred and eighty-two thou- 
fandth part of an inch. 

The French prepare what is called green gold-leaf, from 
a compofition of one part of copper and two of fiiver, 
with eighty of gold ; but Dr. Lewis obferves, that fuch 
an admixture gives no greennefs to gold, and that this kind 
of leaf is made from the fame fine gold as the higheli 
gold-coloured fori, the greenifh hue being a fuperficial teint 
given to the gold in fome part of the procefs; this leaf 
is chiefly ufed for the gilding of books. A kind of leaf, 
called party-gold^ is formed by laying a thick leaf of filver, 
and a thinner one of gold, fiat on one another ; they arc 
then heated and prefTcd together, fo as to unite and cohere ; 
and being hcaten into fine leaves, as in the foregoing 
procefs, the gold, though only in "quantity a touriTi 
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of that of the filver, extends over it and every where 
covers it. 

GolDi Million of^ a phrafe often ufed to fignify a million 
of cro\An8. 

Gold Money. See I^Ioney nnd Coin. 

Gold, Mofakj is gold applied in pannels on proper 
ground, diftnbuted into fquares, lozenges, and other com- 
partments ; part of which is fliadowad to raife or heighten 
the reft. See Mosaic. 

Gold Plates for EnamclVmg are generally made of ducat 
gold, whofe finenefs is from 235 to 23^ carats: and the 
fineft gold is the bell for this purpofe, unlefs where fome 
parts of the gold are left bare and unpoliflied, as in watch- 
cafes, fnufF-boxes, &c. for which purpofe a mixture of al- 
loy is necelTary, and filver is preferred to copper, becaufe 
the latter difpofes the plates to tarnilli, and turn green. 
See Enamelling. 

Gold, Potable^ anrum potalVe. See Aon UM Potalile^ and 
Gold. 

Gold Po^wder^ for t he purjjofes of gilding, may be made 
by grinding gold leaf with honey, or thick gum-water, 
(fee Shell-QOhii) ; by dillilling to drynefs a folution of 
gold in amia regia ; by evaporating the mercury from an 
amalgam ot gold, taking care well to llir the mats near the 
end of the procefs with a glafs rod or tobacco pipe ; or 
by precipitating gold from its folution in aqua regia by ap- 
piying to it a folut oii of common green vitriol in water, 
or fome copper, &c. 

Gold Precipitate nvithTin^ called alfo, from its fuppofed 
difeoverer, calx Cajfiy is prepared with great care both in 
diflblving the tin,* and diluting the folution. For tliis 
purpofe, a mixti^e of two parts of aquafortis, and one 
of fpirit of fait, is fuppofed to be the bell menllruum for 
the tin. Into this mixture fome fine block tin, granulated, 
is to be let fall, grain by grain, waiting till one grain is 
diflblved before another is dropped in, that the dilTolution 
may go on flowlv, without any heat or difcliarge of fumes. 
The gold is dilTolved in common aqua regia ; and a few drops 
of tr lis folution being mixt*d with fome ounces of pure 
water, as many drops of the folution of tin are added. If 
the mixture changes immediately to a clear bright purplilh 
red colour, the due degree of dilution has been determined ; 
if the colour appears dull, a greater quantity of water mull 
be added for tlic reft of the lolulions. After the mixture 
has depofited its red matter, and become clear, a little 
more of the tin folution is to be dropped in, for difeovering 
and precipitating any gold that may Hill remain in it ; the 
liquor being then poured off, the precipitate is walhed and 
dried. Lewis’s Com. Phil. Techn. p. 176. See Ruby 
Glass. 

Gold, Queen. See Queen gold. 

^Gold, iSwr//, is that uled by the gilders and illuminers. and 
with which gold letters are written. It is made by grinding 
gold leaves, or gold beater’s fragments, with a little honey, 
and afterwards Icparating the honey from the powdered gold 
by means of water. When tl»e honey is waflied away, the 
gold may be put on paper, or kept in (hells ; whence its 
name. When it is ufed, it i.^ diluted with gum-water, or 
foap-fiids. The German gold-powder, prepared from the 
Dutch gold leaf in the fanjc manner, is generally ufed, and 
when it is well fcoiired with varnilli, anfwers the end 
in japatmer^s gilding, as well as the genuine. Sec Gilding. 

(hoLDfze for burnilhed gildingt prepared of one pound 
and a half of tobacco-pipe clay, half an ounce of red 
chalk, a quarter of an ounce 01 black lead, forty drops 
of fweet oil, and three drams of pure tallow $ grind the 
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clay, chalk, and black-lead feparately, very line in water ; 
then mix them together ; add the oil and tallow, and grind 
the mixture to a due conliftence ; or it may be more limply 
prepared by grinding together fome llrongly calcined red 
ochre with the thickeft and oldell drying oil that can be pro- 
cured ; and, previoufty to ufe, mixing it with a little oil of 
turpentine for giving it a proper couniitiicc. Sec Oil 
Gilding. 

GoLjy^ze of Japanners may be made by p-irvcrizing gum 
anlmi and afphaltum, of each one ounce ; roO-I- ^ .1, litharge 
of gold, and umbre, of each one ounce and n half, mixing 
them with a pound of linfeed oil, and boiling tliem, ob- 
ferving to llir them till the whole be incorporated, and ap- 
pears, on growing cold, of the conliftence of tar; dram 
the mixture through a flannel, and keep it (lopped up in a 
bottle, for ufe. When it is ufed, it mull be ground with 
as much vermilion as will give it an opaque body, and di- 
luted with oil of turpentine, fo that it may be worked 
freely with the pencil. A limple preparation confills of 
one pound of linfeed oil, and four ounces of gum animi ; 
powder the gum, and mix it gradually with the boiling oil : 
let it continue to boil, till it becomes of the confidence of 
tar ; drain it through a coarfe cloth, keep and ufe it as the 
other. 

GoLD-^f/A, or as fome choofe to exprefs fiver fmith^ 
the artid who makes velTels, utcnfils, and ornaments in gold 
or diver. The goldfmiths work is either perd>nned in the 
mould, or beat out with the hammer or other engine. All 
works that have raifed figures are cad in moulds, and 
afterwards poliftied and finiihed ; plates or difhes of diver 
or gold arc beat out from thin flat plates, and tankards and 
other veflcls of that kind are formed of plates foldered 
together, and their mouldings are beat, not cad. The 
budnefs of the goldfmith formerly required mucli more 
labour than it does at prefen t, for they were obliged 
to hammer the metal from the ingot to the thinnefs tney 
wanted : but there are now invented flatting-mills, which 
reduce metal to the thinnefs that is required, at a very 
fmall expence. The goldfmith is to make his own moulds, 
and for that reafon ought to be a good deiigner, and have 
a talle in fculpture : lie alfo ought to know enough of 
metallurgy to be able to aflay mixed metals, and to mix 
the alloy. 

The goldfmith in London employs fovcral hands under 
him for the various arUck.s of liis trade. In this great 
city there arc always hands that excel in every particular 
branch of the trade, and there is commonly emjiloyment 
enough for every one in his particular branch. The 
jeweller, the fnuff-box and toy-maker, the diver turner, 
the gildvr, the burnilher, tlie chafer, the refiner, and 
the gold-beater, are all employed by and under the gold- 
fmith, 

Gohxyfmithf Company of in London. See Company. 

Gold Thready or fpun gold^ is a flatted gilt wire, wrap- 
ped or laid over a thread of yellow lilk, by twilling it 
with a wheel and iron bobbins. By means of a cunous 
but complex machinery, a number of threads is thu« 
twilled at once by the turning of one wheel. The principal 
art condlls in fo regulating the motion, that the fe- 
veral circumvolutions of tiie flatted wire, on each thready 
may juft touch one another, and form, as it were, one 
continued covering. At Milan, it is faid, they make a 
fort of flatted wire, gilt only on- one dde, which is wound 
upon the thread, fa that only the gilt fide appears. There* 
is alfo a gilt cojpj^r wire, made in the fame manner as 
the gilt filver^ cluefiy at Nuremberg : and the oriUnances of 
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France require it to be fpun on flaxen or hempen threads. 
The Chinefe, inftead of flatted gilt wire, ufe flips of gilt 
paper, which they interweave in their fluffs, and twill upoxi 
filk threads. 

Gold, Tm of^ is a kind of money of account, for- 
merly ufed by the Dutch, and in fome other countries, con- 
taining a hundred thoufand florins. 

A hundred pounds of, or in, gold, is found to weigh , 
two pounds ten ounces ; the fum in lilver weighs twenty- 
fix pounds four ounces. Twenty-two pence in copper far- 
things and half-pence, weigh one pound avoirdupois. A 
tun of gold, at the ounce, amounts to 96,000/, A tun 
of filver, at 5/. id. the ounce, to 6200/. A pound fter- 
ling of gold to 48/. An ounce is worth 4/. The penny- 
weight 4/. One grain, id. A pound of flerling filver 
amounts to 3/. is. An ounce is worth 5^. id. The penny- 
weight, id. and fomething more ; one grain a half-penny. 
A. pound of filver avoirdupois comes to 3/. 51. ^d. half- 
penny. 

Gold, Vtr^in^ is pure gold, juft ae it is taken out of the 
mines, before it has undergone any a£lion or preparation of 
fire ; whence the Greeks call it 

Such is the or gold-duft, and that got by lo- 

tion in the lavadcros in Chili ; it is added, that there are 
maffes or lumps of pure gold found in the mines, particu- 
larly thofe of Himgirry. Accordingly, in the emperor^s 
colIe6lion, are ftifl preferved fevcral plates of gold, faid to 
have been thus found. 

Virgin gold is fometimes very pale, and fo foft, that 
it may be moulded into any figure with the hand ; it even 
takes an impreflion from a feal, like the fofteft wax. To 
harden it, as alfo to heighten its colour, they mix emery 
with it. 

Gold, White. Sec Platina. 

Gold Wire is a cylindrical ingot of filver, above an inch 
thick, two feet in length, and weighing about twenty 
pounds, fupcrficially gilt, or covered with gold at the 
fire, and afterwards drawn fucceflively through a great 
number of little round holes of a wire-drawing iron, 
each Icfs than the other, till it he fomclimrs no hi|5;ger than 
a hair of the head. There is very little wire made entirely 
of gold, and this chiefly for one particular purpofc, that of 
lilligrec work. 

It is amazing to what degree of finenefs the gold is here 
drawn ; and yet it flill keeps firm together, and never fliews 
the leall figns ot the fiber underneath it. The reader may fee a 
computation hereof, as alfo a more particular account of the 
manner of proceeding, under the article Ductilitv oJ 
gold. 

Gold Wire fatted^ is the former wire flatted between two 
rollers of polilhed flee), to fit it to be fpun in filk, or to be 
ufed flat as it is without fpinning, in certain fluffs, laces, em- 
broideries, &c. 

Manner of forming Gold Wire and Gold ihreadf both 
round and flat — The firft objed, which is of the utmoft 
confequence, is the choice of the pureft gold ; for on 
this chiefly depends the beauty and durability of the colour 
of the laces, brocades, and other commodities prepared from 
it. To a difference in tliis refpeft, the boalled fiiperiority 
of the French laces to the generality of thofe made in Eng- 
land, till of late, has been wholly owing. With regard to 
the filver that forms the body of. the wire, it is faid that 
there is an advantage in its being alloyed. The French fil- 
ver for gilding is faid to be alloyed w’ith five or fix penn]jf> 
w'eight, and ours with twelve penny-weight of copper, in 
the pound Troy. The gold is employed Jn thick leaves, 
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whiv'li are applied all over the filver rod, and preffed down- 
fmooth with a fteel burniftier. Several of thefe leaves are 
laid over one another, as the gilding is required to be more 
or Icfs thick. The fmalleft proportion allowed by aft of 
parliament, is ico grains of gold to a pound, or 5760 grains 
of filver. The largefl proportion for the bell double gilt 
wire was formerly 1 20 grains to a pound ; but the propor- 
tion of gold has been of late increafed to about 140 grains. 
The firll part of the drawing procefs, as wtU as the prepa- 
ration and gilding of the filver rod, is performed by the re- 
finer, who ufes plates of hardened fteel, with a piece of tough 
iron welded on the back, to prevent the fteel from breaking. 
The holes in thefe plates are conical, being larger in the 
back part than in the fteel, that the rod may not be fcratched 
againft the outer edge, and that they may contain bees-wax, 
which makes the rod pafs more freely, and prefervesthe gold 
from being rubbed off. One end ot the red, made fmaller 
than the reft, is pufhed through a hole that will admit it, 
when the plate has been properly fecured, and laid hold of 
by ftrong pincers, called clamps, adapted to the purpofe ; 
to thefe pincers, w'hich are fo contrived, that the force which 
pulls them horizontally, ferves at the fame lime to prefs 
them together, a rope is fallened by one end, and the other 
end goes round a capilan with crofs bars, whicli requires the 
ttrciiglh of feveral men to turn it. The rod, thus drawn 
through, i.s w^ell aniiealc'd ; it is then palled tiirough tlie next 
hole ; and tlie annealing and drawing are repeated, till, being 
reduced to about the fize of a large quill, it is delivered in 
coils to the wirc-drnwiTS. The remainder of the procefs re- 
quires plates of a different quality, which arc brought from 
Lyons in France, and arc formed of a metallic mahs whofe 
prevailing ingredient is iron : the holes are drilled in them 
here, 'riu ic plates are of two forts ; fome of conllderable 
thiekncfs,for the wire in its larger Hate, and others about half 
as thick, for the finer wire. In the life of tliefe plates fur- 
nlfhed with a variety of hole.s, the dexterity of the workman 
principally conlifts in adapting the hole to tlu' wire ; for 
this purpofe he ufes a brafs plate, calkd a li/e, on which is 
mcafured, hv means of notches, like fleps cut at one end, the 
increafe which a certain lengili of wire fliould gain in paf- 
fing ihrougli a frefh hole ; and if the wire is found to llretcK 
too much or too little, the hole is widened or contrafted. 
Slits of different wddths, in thick polifhed iron rings, ferve 
alfo as gages for meafuring the degree of finenefs of the 
wire. 

The wire-draw'er’s procefs begins wnth annealing the large 
wire received from the refiner, wdiich he docs, by placing it, 
coiled up, on fome lighted charcoal, in a cylindrical cavity, 
called the pit, under a chimney, and throwing more burning 
cliarcoal over it. When it is cooled by being quenched in 
w^ater, one end is paffed through the firll hole in the thick 
plate, and faftened to an upright wooden cylinder fix or eight 
inches in diameter ; in the lop of which are tw o ilaplcs, and 
through thefe is paffed the long arm of a handle, by wdiich 
the cylinder is turned on its axis by fevcral men. By this 
procefs, called degrofftng^ the wire is frequently annealed and 
quenched, after pafling through every hole, or every other 
hole, till it is brought to about the fize of the fmall end of 
a tobacco pipe, and then cut into portions for the fine 
wire-draw’cr. In this laft part of the wire-drawdng pro- 
cefs* annealing is not neceff^ry, but the w'lre is waxed at 
every hole. The contrivance for drawing the w'ire through 
the plate in this cafe, when Icfs force is needful, is a kind of 
a wooden wheel placed horizontally, having in its upper fur- 
face fmall holes at different dillances from the axis, into 
one or other of wdiich, according to the force required, 



116 

h iuferied the end of an upright handle, whofe uppe^ 
end is received in a hole made in a crofs bar above* From 
this the wire is wound off upon^ a fmaller cylinder. 
Called a rochctt, placed on the fpindle of a fpinning* 
wheel ; and this cylinder being placed behind the plate, 
the wire is again drawn through upon the firft, and 
being brought to the proper linenefs, it is annealed for the 
flatting-mill. In this annealing, the wire is wound on a large 
hollow c^per bobbin, fet upright, includuig fxnalUcoal, and 
encompaffed with lighted charcoal or fmall-coal, communi- 
cating a gradual heat The wire, in this ftate, muft be 
watched and removed from the heat, when it aopears of the 
proper colour The next operation is that of the flatting- 
mill, which confifts of two pertedly round and exquifitely 
polifhed rollers, formed internally ot iron, and welted over 
with a plate of refined flccl ; thefe rollers are placed with 
their axes parallel, and their circumferences nearly in con- 
ta£^ ; they are both turned with one handle ; the lowermoft 
is about ten inches in diameter, the upper little more than 
two, and their width or thicknefs is about an inch and a 
quarter. Thcfc rolls are fometimes repoli/hed with putty, 
prepared by calcining a mixture of lead and tin. The wire, 
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unwinding from a bobbhi, and palling between the leaves of 
a book gently prefled, and through a narrow Hit in an up- 
right piece of wood, called a ketch, is direfted by a fmall 
conical hole in a piece of iron, called a guide, to any parti- 
cular part of the width of the rollers, feme of tlie beft of 
which are capable of receiving, by this contrivance, forty 
threads. When the wire is '^atted between the rollers, it is 
wound again on a bobbin, which is turned by a wheel, fixed 
on the axis of one of the rolls, and fo proportioned, that 
the motion of the bobbin juft keeps pace with that of the 
rolls. Dr. Halley ftates that fix feet in length of the fineft 
gih wire before flatting will counterpoife no more than a 
grain ; and as the gold is not quite i-57lh of the whole, 
a Angle grain of gold thus-extended will be 345.6 feet long. 
By flatting, ihe length of the wire is increafed about one- 
feventh, and its weight is equal to i*96th of an inch; 
hence the furfacc occupied by one grain is equal to 98.7 
fquare inches, with a thicknefs of i -490444th of an inch. 
(See Ductility.) Sec on the fubjeft of the preceding 
articles, Macquer^s DiA. of Chemiftry, Eng. edit. 1777. 
and particularly Dr. Lewises Philofophical Commerce of 
Arts, pqffim, S^c alfo Aikin's Di£lionary. 



Grand Junction Canal 


Grand Cmah Tothc full account which we 

gave of this very important inland navigation in our article 
Canal, have here merely to add a few particulars 
which have orcurred fince that account was printed* The 
aft of the 50th Geo. III. for the Grand Union canal pro- 
vides, that a canal with locks is to be fubftituted for the 
railway-branch from Gaylon to Nortluimpton, in order to 
open a communication by water, from the head of the 
new navigation, the deiign for the continuation of the Lei- 
cefterfhire and Northamptonfliirc Union canals further fouth 
than Market Harborough, where it now terminates, being 
dropt, in confequcnce of the adoption of the Grand Union 
abovL -mentioned which will conneft tlie above canal with 
the Grand Junftion. The three aqucdiift arches oyer the 
Oiifc at Wolverton having been made flat elliptical, inftead 
of the curves of equilibration, and the foundation alfo in- 
fufficienc, they gave figns of great infecurity immediately on 
their centres being llruck, and In February 1808 two pf 
them aftually fell in and emptied the canal, as far as the ftop- 
gates : fortunately, the old line of locks acrofs the valley had 
not been dilhirbed, and the trade has fuffered no interrup- 
tion in confequcnce* A call-iron aquediift on brick and 
ftone piers is now fiibftitiiting for thefe three arches, un- 
der the direftion of Mr. Bcmamin Bevan, who is now tlic 
engineer to the company. In 1807 a new refer voir was 


compleated near the fide-poiuls on the northern iide ot the 
Tring fummit, for fup])Iying water to the locks below the 
fide-ponds in dry ft*afc ir^. 

In examining the llrata and fprings on the north fide of 
the chalk fununit, between Tring and Wendover, with a 
view to better fupplying the Wendover branch .and fummit- 
level with water, Mr. Bevan difeovered, that different water- 
tigh* beds in the lower chalk held up fprings a confiderable 
height above the canal, owing to their dip to the fouthward; 
and in order to avail himfelf of this water, a fough or tun- 
nel w'as began in the upper bank of the canal near Wen- 
dover, and has been driven about half a mile fouthward, 
interfefting different llrata of chalk from beneath, and 
incre^ifing in its fupply of water as it proceeded ; but ob- 
ferving that the princijial vent of this w^ater was in the 
w inter and early fpring months, when the other fources were 
more tluiu fulHcient for the fupply of the canal, it occurred 
to that ingenious gentleman to place a ftrong and water- 
tight valve in the moll favourable part of this tunnel, whichf 
as foon in the autumn as the canal is amply fupplied from 
its other feeders, is Ihut, and kept fo, until thefe begin 
again to flacken in their fupply ; the water ip the immenfe 
pbmes of thefe beds of chalk, in tlie mean time accumu- 
lating, as in a vail fubterranean refervoir, the fprings rife 
to the level , which they originally did befon? this tunnel wjis 
begun,, about 20 feet above the canal; and for many weeks 
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ahcr the opening of the valve, in the beginning of fummer, 
they pour forth a moft furprifirg dream of water into the 
canal, which otherwife would have vented inUcs off in the 
chalk valHes, or {lowly have made its vvay down through 
the joints and iUi'res in the drata to fprings at the bottom 
of ihe chalk, which vent below the level of the canal. 

In iBo?? a twclvc-horfc fmgle Bolton’s dcam-engine was 
ereded near Nadi-mill, in Hcrtfordniire, to lift the water 
again, the rife of four locks, for better fupplying the mills 
during feven or eight months of the year. The company, 
in 1806, cauied boats to be fitted up for conveying fat 
flicep alive, in tiers one above another, from diftant places 
in the county, to the London markets, indead of fatiguing 
them by driving along the roads, the fcheme of thus bring- 
ing oxen having been previoufly tried, and found not to 
aiifwer ; but after a fair trial, the expcnceo were found to 
over-balance the advantages expeded from this aifo ; we 
are forry alfo to add, that the cattle-market at Paddington 
has failed, and that the pens ereded for it by the company 
have been fold and removed. 

The limited quantity of coals brought to Paddington, or 
within 20 miles of London by this canal, now pay a duty 
of 10/. 9l^/per ton (of 20 X ii2lb.), which is equivalent to 
the duty on Newcaftle coals in the Thames : in confcquence 
of this heavy and oppreflive duty, many waggons and carts 
arc employed in fetching coals by land, from the next wharf 
beyond the limited di fiance, near Watford. The Grand 
Union canal above-mentioned is begun, and is to join this 
canal near the S.W. end of the Braunllon tunnel. The dc- 
iign of a branch from near Tring, through Aylcft>ury and 
'l^iame, to tlie Thames and Ills navigation and W ilts and 
Bcrk« canal near Abingdon, has been again revived, and it 
feems probable, that an a6l for that purpofc will pafs in 
the enfuing felfions of parliament (1811). 

Towards fupplying water to the inhabitants near Pad- 
dington, a transfer of the company’s rights has been made 
to a feparate water-company, which is expeded to be con- 
firmed by parliament in the enfuing felfions. 

In November 1806, the company declared the firfl half 
early dividend of per cent, on the original fharcs, wdiich 
as regularly increafed to 3 per cent, half-yearly, exclu- 
five of property tax. The affairs^ of the company feem 
now fait retrieving from the effeds of their great mif- 
management for many years after its eftablifiiment, and to 
be now in a very prolperous Hate; the (hares (of ico/.) 
were, in September 1810, reported to be currently fold at 
302/. each ! although, at one period, the fame could with 
difficulty be difpoled of at 65/. to 70/. each : fuch arc the 
effeds of good or bad management, and of abilities and in- 
tegrity in thofe entrufied with the diredion and manage- 
ment of an immenfe concern like this, in infpiring confidence 
in commercial men to enter into trade and fpeculutions 
conneded with the canal, and in capitalifts to mveft their 
money in the company’s (hares. A refolution of the 
general affembly of proprietors, on the 7th of June 1803, 
tor appointing a general fuperintendant of their concerns, 
principally led to this beneficial change. On the nth of 
June tollowing, Charles Han'ey, efq. was appointed to this 
office by the committee, and, after much oppofition from 
certain powerful individuals, was, on the i ith of July, con- 
firmed therein, by a general alTembly called for the fpecial 
purpofe. 

Grand Kevt a fmall iiland among the Bahamas. N. 
lat. 26 54'. W. long. 77® 48k 
Grand Lafc, a lake of Louifiana. N. lat. 32"^. W. 
long. 93® 5k — Alfo, a lake in the province of New Brunf- 
wick, acu the river St. John's, laid to be 30 miles 
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long, eight or ten broad, and in feme places 40 fathoms 
deep. - 

Grand Lueet Zr, a town of France, in the department of 
the Sarthe, and chief place of a canton, in the diftrid of 
Saint-Calais ; 14 miles S.E. of Le Mans. The place con- 
tains 2045, and the canton 10,493 inhubitanlu, on a territory 
of 227;’ kiliometrcs, in 8 communes. 

Grand Mancn Jflandy an ifiaud of the Atlantic ocean ; 
6 rriilcs S. by S.E. of Campo Bello iiland, oppofile to 
Papamaquoddy bay on the eallern border of the United 
States. 

Grand Rldge^ is a term often ufed, (fee our article 
Canal,) fortlic water-head, or (unuiiit line, acrofs an iiland 
or cf>ntinent, from whence the rain waters fall by oppofitc 
courfes to the ocean. It refults frtmi the admirable fyftem 
of vallita, which the great Creator has fpread over the 
whole fa.'O of the t'nrth, leaving no part, perhaps, originally 
of the furfaco, wdihout a deiceiit aiul out-fall to tlie fea ; 
that iJie ridges, or fiimmit -lines, form a fyftcm not lefs 
beautiful and ptrfcd than the vallies ; and whence it hap- 
pens, that, from any hill whatever, it is pradicable to mark 
on a good map, and to travel to every other hill in the fame 
ifiand or continent, however large, without croffing any 
running water, liowever fniall, but conllantly to pafs along 
a ridge or w^atcrfiiead ; whence the W’aters on the furface 
fall oppofite ways from your route. It feems furprifing, 
that no one has attempted to illuftrate this fubjed by a good 
map, fiicwing all the connedions and windings of thefe 
ridges in England, or even any local diftrid, until of late, 
that Mr. Farey has prepared a fqiiare of map, including 
Dorbylhire, (hewing the ridges, and the fituation of all the 
hills and principal eminences upon them, which is intended 
to accompany his report to the Board of Agriculture on 
that intorefting diftrid. 

The triangular form of the Briti(h ifiand, and the fituation 
of the two principal rivers, the Thames and the Severn, (or 
rather the Briftol channel,) occafion the grand ridge of 
England to divide into two branches on the Chalk Downs, a 
few miles N E. of Devizes; one of which, (the fouth- 
w^ftern,) proceeds to Runclaw'ay-hill, and crofTcs the deep 
cutting of the Keiiuet and Avon canal, near to Devizes, 
near Eaft I.avington, Warminller, Wincanton, Beaminfter, 
Crewkernc, Chard, &c. by a moll circuitous route, paffing 
alinoft lo the north and to the fouth coalls alternately, until 
it reaches the I..and’8 End in Cornwall : having, in this 
long route, probably defeended to no lower ftrata tlian the 
red ground or marie, of which we (hall fpeak further pre- 
fentlv. 

The other, or fouth-caftern branch of the grand ridge, 
proceeds along tlie chalk and the clays and fands above it, 
acrofs tlie deep-cutting of the Kciinet and Avon canal, near 
Burbage, by High-clerc, (near which it probably occupies 
thehignell llratum in the whole Britifli feries,) near to Alton 
and Elaficmere, wlicn it foon defeends off the chalk into the 
great foutheni denudation, (fee Philofophical Magazine, 
vol. XXXV. p. T 30.], and purfues the under mcafures, through 
the wealds of Suftex and Kent, by Alford, Lcith-hill, Hands- 
crofs, (on the London and Brighton roads, being there on th» 
lowcft ftratum but one which appears in tliatroad,) by Turner- 
hill, Nutley, Crowborough, Rotherfield, Wadhurft, Tenter- 
den, Shadoxhurft, Lympe (near Hythe), where it ^in af- 
cends the edge of the chalk, and proceeds on it by raddlef- 
worth, Swingficld, and Lydden, to the coaft at King’s Down, 
near Walraer caftle. 

From the point of branching, N.E. of Devizes, as above 
deferibed, the grand ridge foUow^s the, chalk northwaid by 
White-horfe hill, near CLerhill, Sec. till within a few tnileg 
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of Swindon, when it turns to the N.W„ and defcends to 
the marie, and other ftrata below the chalk, croffing the 
Woburn (and flratum, not far from Wooton-Bafibt : and, 
palling to the Bath free-llone range, it crofles the Salpcrton 
tunnel, ooi the Thames and Severn canal, and proceeds near 
to the wellern edges of the fame ftrata, by Charlton- Kings, 
near Cheltenham, Stanway-hill, Broad-way-hill, Lemington- 
hill, Long-Comptonrhill, and Epwell; foon after 
the grand ridge begins to leave the free-ftone, and take to 
the dark blue clays, &c. under it, except crofting fume 
points of the ftone, and traverfes the Fenny-Compton tunnel, 
on the Oxford canal; thence by Hellidon, and near Daven try, 
it croffes the Br.iunfton tunnel, on the Grand Jundtion canal, 
at Weft-Kaddon, and at Hu(band*s-Bofworth, the tunnels 
of ‘the Grand Union canal ; when, turning north-weft, the 
rid^ palTes Gilmorton ; and not far from Lutterworth it 
croues the Lias clays and lime-ftonc ftrata, and defcends 
to the red marie (above mentioned), and quickly, by a 
great fault, or fiiddcn lift of the ftrata, is brouglit upon the 
coal-meafures of the Bedworth-ficld, and croffes the deep 
cutting of the Coventry canal, through Bed worth town, 
acrofs the late lir Roger Newdigate's canal, and fwceps 
round to the weft, fouUi-weft, and fouth, to Kenilworth ; 
when, having crofted another fault, and got again upon the 
red marie, it croffes the deep-cutting of the Warwick 
and Birmingham canal, near Baddefley-Clinton, and of the 
Stratford canal, near Hockley ; thence by Afhlcy-heath, 
and croffes the Weft-heath tunnel of the Worceftcr and 
Birmingham canal, and the Lapal tunnel of the Dudley 
canal: after which, the grand ridge crofles the bafaltic 
hills between Rowley and Dudley, (which belong to the 
red marie ftrata,) and, defeending to the coal -mcafu res, 
croffes the Dudley tunnel N.W, of that town, and proceeds 
by Sedgley ; then crofting an ere A and denudated patch of 
the yellow lime-ftrata, it croffes the deep-cuttings of the 
Old Birmingham canal, tlie Wyrley and Ellington canal, 
and of the Staffordfliire anjl Worcefterfliire canal, all near 
Wolverhampton town; then by Taterhall, Wrottefley, 
Blimhill, Cowley, Wooton, (near Ecclcfliall), Broughton, 
Afliley, Maer, Madcley-park, to Keefe, (near Newcaftlc- 
iinder-line,) where it has again got upon coal-mcafures, by 
'Bignole-hill, and acrofs the Harecaftle tunnel, on the Trent 
and Mcrfey canal, by Golden-hill, Wickinftone rocks, and, 
crofting an immenfe fault, defcends to the lime-ftonc fliale, 
ffee Mr. Farcy’s fc6lion in Plate II. voL xxxi. of the 
Philofophical Magazine,) on Biddulph Moor ; thence pafll*?* 
the toj) of the Great Rudyard refervoir, to Gun-hilC and 
crofting to High Roches rocks, it there afeends the firft 
grit ; then crolles a finall trough of the firft coal-fliale and 
Iccond grit, and defcends again to the firft grit, or Ram- 
ftiaw rocks, and ftiil further, on the lime-ftone fhale, at the 
Royal Cottage, along which it proceeds to the N.W. lide 
of Flafh, and then afeends the lirllgrit again, on South-Axc- 
edge-hill ; it again defcends to the (hale lime-ftone in 
crofting Middle and Great Axe-edge-hills ; from whence it 
afeends acrofs the ftrft grit and firft coal-(halc, and afeends 
the fecond grit on Thatch Marfli ; this it purfues to the north 
of the Macclesfield and Buxton road, and then turning N.E. 
again defcends to the lime-ftone fhale, and follows it acrofs 
the Manchefter and Buxton road ; foon after, it afeends the 
firft grit and firft coal-fhale, on Comb’s-mofs, and again 
defcends to the (hale, paffes Sitting-low, (i{ mile S.E. 
of Chapel-en-le-Frith,) when, turning ealtward, it croffes 
the Great limc-flonc fault, (N. of Dove-holes,) and 
is found upon the third lime-flone, on which it croffes 
the quarries and rail-way of the Peak-Foreft canal ; foon 
after, it paffes over the balTet-edge of the third toad-ftone, 


and defcends to the great fourth lime-ftone in Peak-Foreftr 
which is probably the lonvefl ftratum, to which the grand 
Hdge paffes in its route through England ; this lime-rock 
having been eftimated to be four miles at Icaft of perpen- 
dicular thicknefs below the top of the chalk, from whence 
we commenced our defeription ; much the greater part of 
this vaft feries of ftrata having in this route along the mnd 
ridge been loft fuddenly by perpendicular lifts of the ftrata 
or taults, which, in proceeding to this point by more favour- 
able routes, might have been fecn baffeting in fucceftfion. 
For about one and a half mile the ridge proceeds upon the 
fourth lime, then again afeends a point of the third toad- 
ftone and third lime, to the village called Sparrow-pit, in 
the Manchefter and Caftleton road, where it again croffes 
the great fault and afeends to the lime-ftone-fhale on 
Riifliop-edgc, whence it proceeds northward, and after croff- 
ing the Bridle-road from Hayfield to Edale-chapel, it 
afeends the firft grit on Edale rock, and proceeds acrofs the 
moffes on Kinder-fcout hills ; thefe it leaves at their N.W, 
corner, and croffes the moffes on tfie fliale, and the ancient 
Bridle-road called Do6tor-Gate, from Gloffop to Afhop- 
Dale ; it then afeends the firft grit again on fheif-ftoncs, and 
follows the fame to Wain-flones and Blakelow-ftones, which 
feems to be the higheft land in Derby (hire, it then paffes 
N. E. by Round-hill, and afeends to the firft coal- 
Ihale, croffes the Manchefter and Peniftone-road at Lady, 
crofs ; where, turning N. W. it afeends the fecond grit 
rock, and proceeds by Dean and Bretland Edges, to crofs 
the Gloffop and Huddersfield road, on the bogs upon this 
rock on Holme mofs ; from hence the ridge, after feme 
diftance, again defcends to the firft coal-fhale, ilie firft 
grit, and to the limeftone-fliale, crofting the Stanage 
funnel on the Huddersfield canal near Martuen ; the ridge 
then proceeds acrofs Black-ftone-edgt, and croffes the deep- 
cutting of the Rochdale canal, near the village of Hun- 
dersfiedd, (which has improperly been faid in the population 
accounts of i8oi, to be a town containing 10,671 perfons !) 
the ridge then paffes Holme on the Burnley and Halifiix 
road, whence it proceeds, and near Colne comes again upon 
coal-meafures, which are, however, loft again at the great 
fault, in which part of the Foulridge tunnel on the Leeds 
and Liverpool canal was driven, and which occafioned the 
extraordinary trouble and cxpence attending that tunnel, 
which is mentioned in our article Canal. From hence the 
grand ridge proceeds, by Barnoldfwick, Weft Marton, near 
the Cold'Coiiillora, E. of Settleton lime-ftone, over Pen- 
nigant-hill, Snays-fell, Nine-ftandards, Kelton-fell, I,unc- 
foreft, Scordal-hcad, Milborn-forcft, Aldflotie-moor, /lime,)* 
Hartfidc-erc/fs, Geltfdale-foreft, Talkin, and croffes the 
Roinun or Pidls wall on the E. fide of Upper Denton, nnj 
foon after it enters Roxburghfliire in Scotland; through 
wliich it is much cafier to trace this grand ridge than m 
England, it forming often the boundaries between the 
Scotch counties, to which tliis ridge and its collateral 
ridges are much better adapted than the rivers and brooks, 
which have generally been chofen as boundaries, both as 
being more permanent, and not liable to the changes which 
ftreams of water are undergoing in the bottoms of vales, 
and a\oiding thofe difputcs rcipe£ling, and the delay of 
making and improving bridges, fords, navigations, mills^ 
5cc. owing to the rivers being part in one county and part 
in another, and by which alio many of the moft coniider- 
able towns arc fplit into two or more counties, to the no 
fmall inconvenience of their inhabitants, in judicial and other 
county matters. 
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a river of 6icily» ^hich runs into the Medtterraneaa 
on. the N, fidcofthe ifland, N. lat. 38^ 3^ E.long. 54'. 
— — Alfo» a river of Americas which runs into the Miftouris 
N.lat, 38^ 56. W* long. 93® 25^---Alfo, a broad river of 
Americas which difeharges itfelf into lake Michigan, N. 
lat. 43<^ 25^ W. long. 35*. — Alfo, a river of America, 

which runs into lake Erie, N. lat. 41° 55*. W. long. 
81® 8'.— Alfo, a river of Canada, which runs into the 
Detroit, N. lat. ±2^ 34'. W. long. 82^ 42'. — Alfo, a river 
of Canada, which runs into the St. Laurence, N* lat. 
17 ® 3'. 

• Gkakd Rtvrrf or Rio gramle^ a river of Africa, which 
•runs into the Atlantic, near the Biffagos ifles, N. lat. 11®. 
W. long. 14® 30^ 

Grasdk SeauXf an Indian nation, inhabiting a territory 
of the MifTouri, and able to furnifli 800 warriors. 

Grand Surry^Canal. This canal is yet in the fame 
Hate, nearly, as when our account of it in the article 
Canal was written, in 1805, except, that about two 
miles, in length of it, at its N. E. end, has been brought 
into ufc, Uiice the Croydon canal has been completed ; 
and that the dock for ftiips, at its entrance from the Thames, 
was completed and opened in June 1807, and hasanfwercd 
fo well to the proprietors, that in the lall feflions of parlia- 
ment, they made an unfuccefsful attempt .to obtain power 
for a fiurtncr cxtenfion of them. In February, 1809, this 
company determined on creeling a ten-horfe fleam engine on 
the banks of the canal, by the Deptford road, for lupply- 
ing the neighbouring inhaliitants with water, intending to 
let the furplus pow'er of this engine to fome manufac- 
turers. 

Grand Traver/e, a range of iflands, confiding of huge 
jrocks in lake Michigan. 

Grand Trunk Canals a name commonly applied to 
the Trent and Mcrfey canal, which fee in oiur article 
Canal. 

Grand Union Canal In the feflions of parliament, 
iBlO, (50 Geo. III.) an aft pafled for making the Grand 
Union canal, the general diroftion of which is about S,W. 

miles, in the counties of Leicefler and Northampton, 
bSng conflderably elevated, and crolling the grand ridge 
of the ifland' twice, by tunnels, its middle part for about 
lialf ita length (kirting near to the ridge on its weftem 
Ude, and the two ends being on the eaftern fide of the 
ridge. Its objefts are the completing of the long-defired 
water«communication betweeir the Trent river and tw many 
canals which conned therewith, in Derby(hire, Nottingham- 
Ikire, and Ldcefterihire, and the Grand Jundion canal, and 
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through it to the metropolis, without making the enormous 
aircuit by Burton, Fradley*heath, near Litchfield, Tam- 
worth, Atlierfldne, Nuneaton, and Braunftone, which at 
prefent goods, coming by water from Leiceller, Notting- 
ham, and Derby mult do ; it is intended alfo th fuperfede 
the neceffity for the fouthem part of the L^riccfierfliire and 
Korthamptonfliire Union canal, between Market-Harbo- 
Tough and Northampton, which on account of its difficulties 
haa never been attempted j the prefent rail-way branch 
between the Grand Jundion and Northampton is intended 
to be changed for a canal with locks, by which means tlie 
people of Northampton will have a water-communication 
with Market-Harborough, Leicefter, &c. with onty about 
>4 miles longer diflance than the Leiceflerfhire and North- 
ampton Union would have been, if the fame* liad been com- 
pleted according to its original ad. Market-Harborough 
and Daventry are the only coniiderable towns near the Ime 
of this carisl, which commences in the Leicelterihire and 
Northamptonfliire Union canal near Gumley, and termi- 
nates In the Grand Jundion canal near Buckby-wharf, near 
the S. E. end of the Braunflone tunnel* From Gumley in 
i mile is a rife of 76 feet by 1 2 locks, and thence to Wat- 
ford, 20 miles are level, then in J mile is a fall of 53 feet by 
eight locks, and thence to the Grand Jundion canal about 
three miles arc level ; near Hulhand's Bofworth is a tunnel of 
about 1120 yards long, and near Crick another of about 
900 yards Ipng. Near Crick it is propofed to make a refer voir 
of 60 acres above the canal, but below its level, fo that 
the furplus water colleded from other parts of the canal 
in rainy feafons can be here referved, to be pumped up 
when wanted. 

The widtli of the canal at top is 42 feet and 14 at bot- 
tom, and its depth of wa er five feet ; the locks are 82 feet 
long and feven wide, calculated for 25 ton boats. This 
line was firft furveyed by Mr. James Barnes in 1803, hr 
Mr. Benjamin Bcyan in 1808 and 1809, and the latter is 
appointed engineer for the execution of the work. 

Grand Wcjlcrn Canal i® fo denominated in an ad which 
afled in the year 2796, as mentioned in our article Canal, 
ut under which no progrefs had then been made. In 
April i8fo, it was reported, that a beginning had at length 
been made on the fiimmit level, in Holcomb, Devon. A 
much larger canal, capable of conveying ftiips from the 
Briitol channel to the fouth coaft, has been lomc time in 
agitation, for avoiding the very circuitous and tedious navi- 
gation round the Land’s End ; which, however defirable, 
IS fcarcely pradlcable, we incline to think, for want of 
water. 



Graver 


GRAVER, a fteel inftrument, fcrving to cngrate on, 
metals. The graver confifts of ftur fides or facet, and 
the point ufually terminates in a lozenge: in fome it it 
round, and in others fquarc. The round point is beft for 
fcoring lines, the fquare for cutting broad and deep, and 
the lozenge fur more delicate and fine ftrokes and fcratchcs* 
Lc Boife recommends thofe of a form betwixt the fquare 
and lozenge. See Enohavixg. 

The gravers ftiould be made of the bell fteel, wluck 
mull be drawn out into fmall rods with a charcoal fire, 
Thefe rods, after having been cut into the proper lengtht 
for gravers, fhould be foftened, by heating them in a char- 
coal lire, and fuffering t!»em to cool very llowly : let them 
next be filed into the defired form, and brought back to a 
hard temper by heating them red-hot, and in this Hat# 
dipping their ends into foft foap. Ihis (liould be doM 
in a perpendicular direftioii ; for, if they be turned m tte 
leaft degree obliquely, the graver will warp and be crooked. 


If the temper of the graver be to« hard alter this treats 
ment, and prevent the whetting it properly to an edge, it 
may be foftened, bv laying its end on a large burning 
piece of charcoal till it begins to grow yellow, and then 
thrufting it into a lump of tallow, or dipping it in watery 
but if water be ufed, the graver mud not be too hot. It 
may be known whether the graver be tempered to a ^ro« 
per hardnefs by touching the edge of it with a file, which, 
if any eft*e£l attends it, proves the temper to be too foft. 
The beft proof of too great hardnefs ii the breaking of, thn 

t oint m engraving; after which, if a new edge be made 
y whetting the graver, it will be fiequentlv found very 
good without any other alteration. Handmaid to the 
Arts, vol. ii. p. 56. 

The other end is fitted into a wooden handle. 

Beildes engravers, the feal-cutters, lock-fmiths, gun- 
fmiths, gpId-Tmiths, armourers, fpurriers, likewife 
make ufe of gravers* 



Green 


Ghkex, 'one of the origmal colours of tlic rays of light, 
Grafs and herbs, and even all vegetables in places expofed 
to the open air, are green; and thofe in fubterraneous 
places, or jdaces inacceluble to the air, white and yellow. 
Thus when wheat or the like germinates uuder-ground it 
is white or yellow ; and when it is in the open air, green ; 
though this too is yellow before it be green. 

GitEifiNJi, Artificial » arc very rarely liiriple colours, but 
produi cd by mixture of yellow and blue. 

Two powders, tlie one blue, and the other ye' low, well 
jwixed, appear ptrfeAly green; though, when viewed 
v'ith a microfeope, we obijerve a chequer of blue and 
yellow. 

The tindlurc of red rofes with oil of tartar per dtdiquium, 
or with fpirit of fal ammoniac, produces green. The tinc- 
ture of many red fli)WLT8 is changed into green by an al- 
kali. The tinAure of red rofes, and the yellow tiiitlure 
of crocus, or the blue tindure of cyanus, and the white 
fpirit of fal ammoniac, produce green. The folution of 
verdigris becomes colomlefs by the affufion of the fpirit 
of nitre, and by the affufion of the oil of tartar it becomes 
green again. • 

As no vegetable has yet been ‘difeovered, which is capable 
of giving to cloth of any kind a permanent green colour, 
the dye for this piirpofc is a compound colour, formed ia 
dye-vats either by putting a yellow on a blue ground, or a 
blue on the yellow ground, or by mixing the blue and yel- 
low' materials, and dyeing w ith them as with a fimplc colour, 
’The common and moll permanent green is given to wooJkii 
cloth in the following manner. Tl»e cloth, being lirll dyed 
blue in tl^e indigo vat (fee Lndioo), is then well feoured, 
and afterwards dyed rij a bath of weld or any otlier yellow 
dye with alum and tartar, as in the mode of dyeing of funple 
yellows, except that the yellow materials are ufed in greaief 
quantity than the yellow alone of equal body w'ould require. 
Very deep greens are made to acquire a flight brown or kind 
of 1:nirtti{h by adding to the bath fmall quantities of log- 
w'ood and. fiilphat of iron. As for fdks, they are full 
ftrongly alumed, then dyed yellow with weld, iuid after- 
Vards linifhed in the indigo vat. Silk, cotton, awl linen are 
dyed green in the (amc general mode, but with eoitliderable 
variatiotii in the difi^Sent proceffes. The mod beautiful 
green hitherto knowji, and which pcrfe^ly wkdl refills • the 
adion of light and air, is given by the combination of 
Pruflian blue and yellow, but this colour is deffroyed by 
Ibap and alkalies. To cotton this colour is given, by drll 
dyeing it oli\c with wi^ld, or any other yellow dye, and' a 
compound mordant of alum ^nd iron, and then raiflng the 
green by prufliat of potafh. (See Tuvshiah hlae.) Ber- 
tbollec oblcrves, that in the procefs for this purpofe there 
feems to be a mutual diftiibution of the xnofdkhts co- 
lours, the Pruflian colour taking .the iron and • becoming 
blue, whilft the alum and weld remaining in the olive form 
a fail yellow, and unite witli tlie blue into a fine grehm. 


llie only iimple green in common ufe is that ©f the carbo- 
nated oxyd oi copper precipitated from verdigris by an al- 
kali. A folution of verdigris is made in vinegar, and a few 
hours before dyeing n folution of as much pearlafli as verdi- 
gris is added to it, the mixture is heated, and the cotton, 
previoufly alumed> is paffed through this bath. ThecoloUr 
then given is a foil apple-green. Aikin's 

The dyers make divers^ ihades, or Calls of green, as 
green, ycllo'u,* green, ^ra/s green, laurel green, jea green^ 
dark green, parrot green, avul ccladph green. 

Ghekn, BrunJ*wxhy is a pigment ufed by fome of. the 
German artills, which they prepare by adding to the fatu- 
fated folution of one part of muriated ammonia in cold 
water, three narls of copper clippings ; and by covering 
the glafs veffcl that contains it with gaufe fo as to keep out 
the dull, and placing it in a wwrm iituation, fo that the 
moiilure may evaporate, which purpofe will be effe^ledin a 
few days. The muriat of ammonia foon begins to be de- 
compol’ed by the copper, which is corroded and converted 
into a green oxyd. When the whole is evaporated to dry- 
nefs, let it be digelled in two or three fucccflive portions of 
fpirit of wine, as long as any green oxyd is taken up ; then 
add the folutions together and expel the liquor by a gentle 
heat, the refldue is a pure dar)c green fub-muriat of copper, 
known in the Ihops by the name of reiined Brunfwick 
.gixen. 

Giiben, Mountain, or Hungary greeny is a fort of grccnilb 
pow’dcr* found in little grains, like fand, among the moun- 
tains of Kernaufent in Hungary, and thofe of Moldavia. 
Though foine hold, that this mountain green is faflitious, 
and the fame wulh that the ancients called Jioi ^erisy pre- 
pared by calling water, or rather wine, on copper red-hot 
from the furnace, and catching the fumes thereof on copper 
plates laid over for that purpofe ; or by diffolviug copper- 
plates in wine, much as in making verdigris. The painters 
make ufe of this colour for grafis green. It is fometimes 
counterfeited by grinding verdigris with cerufs. 

Gkbrx, Calcined, and di/lill.d green, Stse Vkrdigris. 

Gkeen, Pri^an, See the procefs for making PiiussiAK 
Hue, 

Greek, Sap. See rHours from Fruits, Bucktiiork, 
and Sw^green, 

Ghee.n, Saxon, an extremely beautiful green colour, fo 
called becaufc the blue part is given by the Saxon blue or 
fulphat of indigo ; the procefs of dyeing which is this ; tlio 
cloth or filk is Aril to be dyed a Saxon blue, in the follow, 
ing manner. Having ground nine parts of indigo wiili 
twenty of red irfenic into a line powder, add forty-eight 
parts of Arong fpirit of vitriol ; which mixture fvvcdls, 
grows hot, and emits a fulphureous fmcll. After ilandirg 
in a moderate warmth of twenty-four hours, pour off the 
liquid part, which will be of an extremely deep blue* . A 
f.Tiall quantity of tliis liquor, dropt into hot wa^r, inflantly 
fpreads, tinges it of a line light blue, and flts it for dyeing 
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llie prepared wool, cloth, or lilk ; aiij by iiicreariug or A- 
mimfhing the proportion of the blue cotnpofiiion, the colour 
Vay be rendered deeper or lighter, 'I’his, Dr, I ^ewis fays, 
U the method iifed for preparing the blue compofition by 
the dyers of Norwich, who purchafed this fecrct from 
Saxony* 

The cloth orfilk, thus dyed blue, is next aIunHd,and then 
dipped in the yellow decof^ion of weld or fulllc, and the 
defired colour will be obtained, 

Fuftic is commonly preferred as the yellow material, bc- 
oaufe it is lefs liable to be altered by the adhering acid of the 
fulphat of indigo than weld or the other yellows. To cor- 
red this effeft of the acid, and enable quercitron to equal 
the fuftic in this refpeft, (whilft its natural colour much 
excels it,) Dr. Bancroft advifes, after the cloth has received 
tlie blue, to mix chalk with the alum mordant, in order to 
neutralize the adhering acid, before the yellow is given. 

0r the fubjeft may be dyed green at one operation, by 
boiling it for a little time in a mixture of the blue and yellow 
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liquors. For this purpofe the cloth is firft alumed and well 
rinfed ; and the cloth is then dyed in a ftrong decodlion of 
fuftic, to which, when cooled to a blood heat, is added ful* 
phat of indigo. Dr. Bancroft recommends for dyeing a 
beautiful Saxon green, the following expeditious procefs, 
by uiing the compound alum and tin mordant ; put into the 
boiler fix or eight pounds of quercitron bark to every one 
hundred pounds of cloth ; boil with a fuflicient quantity of 
water ; tlien add fix pounds of the murio-fulphat of tin, (in 
preference to the nitro-muriat,) and four pounds of alum: 
when thefe have boiled five or fix minutes, lower the lieat 
with cold water to blood-warm, after which, add as much 
fulphat of indigo as may be thought ncceffarjr for the intend- 
ed depth of c(uoiir, and then dye the cloth in this bath with 
pr^cr care. Aikin's Dift, 

fiy combining any blue and yellow dyes, in different pro- 
portions, all tiie (hades of green may be produced, trom 
the blueilh green of the cabbage-leaf to the grceni(h-ycllow 
of the olive. 



Greenock 


C^REENOCKy the principal fea-port town on the hrth 
of Clyde, fituated on the fouth bank of the rivery about 
24 miles below the city of Glafgow. The town of 
Greenock is pretty well fituated for commercial purpofeSy 
but in other refpeds it is neither pleafant nor fo circum- 
ilanced as to afford the profpe£^ of any great increafe eitlier 
of extent or population. Indeed^ the great number of young 
meuy whoy from habits of imitation as in other fea port 
towns, early attach themfelves to a feafaring life, mud pre- 
fent of itfclf a great obdacle to the latter. The town of 
Greenock is held under and is entirely funounded by the 
lands of fir John Stewart of Blackhall, bart.y who is feudal 
fuperiory and no purchafe or acqnifition of ground, either 
Ibr the purpofes of extenfion or improvement, can be had 
from any other perfon. This mutt of itfelf render exten- 
iion a matter of more difficulty than where there are many 
landed proprietors, the lands of feme of whom, from the 
common cafualties and viciffitudes of human affairs, mutt 
be occafionally in the market. 

The harbour of Greenock is divided into two compart- 
mentSy and is entirely furrounded by well*built and commo- 
dious quays of freefrone. The entrance is narrow, and in 
the centre oppofite to the end of the mid quay, which ferves 
as the dividon of the harbours. The eaftem harbour is 
Ikallowy and is therefore moftly frequented coafting 
veffelsy herring buffes, fifhing boats, and other (mall craft. 
The weft harbour, being confiderably deeper, is the general 
refort of Weft Indiamen, American traders, and other 
veflels of greater burthen. In the weft harbour is a very 
capital dry or graving dock, with flood gates to exclude the 
water, and capable of containing two large (hips at the fame 
time. It has been long in contemplation to improve the 
harbour of Greenock by the ereflion of wet docKs, iimilar 
to thofe of London, Liverpool, Hull, and Leith, but pro- 
Inbly from the difficulty of engaging the joint confent 
of the numerous interefts concerned, and other caufes, 
no fteps have been hitherto taken for carrying this 
fchemeWo effedl. The principal deficiency of the Imrbour 
of Greenock, exclufive of the (hips bottoms taking the 
ground every ebb tide, ariles from want of water, there 
being never more than feventeen or eighteen feet in the bar- 
boor, even at fprinr tides. Hence urge veflels are obliged 
to difeharge part of their cargoes into lighters in the roads 
before they can come into the harbour at all. This it of 
kfs confequence where the cargo is to be brought to Glaf- 
gow, if the weather be mild, but it is very inconvenient and 
espenfive when the cargo is to be landed, and. when the 
weather is boifteroos* The whole rife of the tide at 
Greenock is only about twelve feet, whfreas at Liverpool 
it is thhty-fix and at Briftol forty-two* This alfo forms an 
additional difadvantage to the harbour of Greenock, and 


prefents a very great obttacle to every plan of artificial im- 
provement. With all thefc difadvantages, however, it has 
many advantages over the neighbouring harbour of port 
Glafgow, fituated about three miles farther up the river. 
The chief obftaclc to veffels of great burthen making any 
of thefe ports* is an immenfe bank of fand, accumulated 
for many ages in this embouchure of the Clyde by the current 
of the river, and which is fenfibly though flowly increafing. 
Indeed nearly oppofite to port Glafgow, this hsaik is en- 
tirely uncovered for miles at low water. Notwithftaiiding 
thefe natural difadvantages, the favourable fituation of the 
Clyde for maritime iiitercourfe with every part of the 
weitern hemifphere and the fouth of Europe, the great 
co/tfting tmde with the weftem parts of England and Wales, 
and with Ireland, and the extenfive herring filhery, has raifed 
Greenock to a high rank among the commercial ports of 
Britain, and has been produdlive of the acqnifition ©f Ijfilen- 
did fortunes to many of the principal inhabitants. As 
Greenock is not the feat of any ftaple manufadlory, this 
carrying trade is her chief, and indeed mSy be fairly called 
her only fiipport. During the American war, when the 
carrying trade was entirely fufpended in feme channels, and 
greatly impeded in all the others, a number of fhip-owners 
ntted out tlieir veflels as privateers, but in general thefe fpe- 
culations were not productive of gain to the adventurers, 
and in fome inftances with ferious lofs. In the recent wars 
no attempts at privateering have been made. 

The town of Greenock is governed by two magiflrates, 
elcded anuually, and a council ; befides whom, the baron 
baillie, nominated by the fuperior, alfo poflefles a jurifdic- 
tion. The iherifl court of the county of Renfrew is held 
at Paifley, to which the inhabitants of Greenock are ame- 
nable, the fame as the reft of the county. 

In the external appearance of Greenock there is little 
elegance or fplendour to be feen. In the centre of the town 
there is a fmall fquare, immediately fronting the mid-quay, 
which divides the harbour. In tins fquare is a very hand- 
foine church of modem architedlure. The other buildings 
afe the inns, of which the chief, recently built upon a ton- 
tine fcheme, like that of Glafgow, is a very fpacious, and 
even fplcndid houfe. There it alfo a fmall neat theatre, the 
private property uf Mr. Stephen Kemble, the manner, and 
1011^ dancing-lialls for the occafional recreation of the in- 
habitants and ftranger^ of whom, from the maritime fitua- 
tion, tliere is, at certain feafons, particularly at the arrivals 
of the Weft India fleets, a confiderablo influx. 

The feenery of the Clyde around Greenock it piAurefque 
and fiiblime. The river is about feveo miles broad to the 
oppofite fhore,where the village of HeknAurg is ere Aed m>on 
tl^ property of fir James C^lquhoun of Lufs, bait. Thia 
village is built in a very pleafant fituation, upon a fine bay. 
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formed by two projefting promontoriefl, by the hill of 
Ardmore, on the eaft, and by Rofeneath, the property, and 
one of the fplendid i^dences of the duke of Argyle, on 
the weft. Beyond this, to the wellward, appear the lower- 
ing mountains of Argylelhirc, between which is the vaft arm 
of the fea, Lochlong, which is twenty-four miles in length, 
and in fome places faid to be unfathomably deep. About 
two miles to the weft is a fmall village, called Gourock, 
fituated on a very line deep bay, well fheltered by projedt- 
ing head-lands, with a very good bottom for anchorage. It 
is the opinion of moft profoflional men, whether engineers 
or feamen, tliat this lituation affords by far the greateft 
number of natural advantages for a large and commodious 
fea-port upon the Clyde $ and it is almoft lingular that 
Greenock (hould have rifen to its prefent commercial im- 
portance, whilft Gourock, fituated within lefs than two 
miles, and polTefling every fuperiority of phyfical advantage, 
Ihould have remained an inftgnilicant village. However 
this may have originated, too much capital has now been 
expended upon Greenock and Port Glalgow, to leave the 
fmalleft room to fuppofe that they will be in any refpedt 
rivalled by a village which polTelTes nothing but natural 
(ituation to recommend it. On the road from Greencck 
to Gourock are many very line villas, belonging to the 
opulent merchants of Greenock. At both Greenock and 
Gourock are extenfive rope-works, belonging to the fame 
company of proprietors. A little below Gourock is the 
Clough light-iioufe, a very high and well-built tower, lighted 
by reflcdlors, for the fafety of velfels coming up, or going 
down the channel during the night* Some miles below 
this is the Iflaild of Bute, belonging cliiefly to the nobleman 
to whom it gives the title of marquis. Bute is about feveii 
miles long, and generally level and fertile. Mount-ftewart- 
caftle, the refidence of tne noble proprietor, is lituated near 
the middle of the ifland, on the iouth fide, and is a fuperb 
and deligiitful place. Of the other proprietors, lord Ban- 
natine, one of the Scottilh judges, is the moft confpicuous. 
The chief, and, indeed, almoft only town on the ufarndf is 
Rothfay, from which his royal highnefs the prince of Wales 
derives one of his Scottilh titles, is a handfome, clean, finall 
town, and has a confiderable cotton mill and manufadoijr by 
it, belonging to a company of manufaAurers in Glafgow; 
There are auo the ruins of an old caftle, which apjpem to 
have been of great extent, and once belonged to tm Aoyah 
family of Scotland. The inhabitants of Rothfay are chiefly 
fea-faring people, and employ themfelves much in tk her- 
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ring filhery during the feafon. Large quantities of fine cod- 
,ii(h are alfo caught off the coafts of Bute, Arran, and 
A^gylelhire, with which the markets of the weft pf Scotland 
are fupplied, generally at a rate not exceeding two-pence 
pound of 22\ ounces* Contiguous to Bute is a fmall ifland, 
called Inch Marnock, which is level and cultivated. It is the 
refidence only of thofe employed in its cultivation. The 
ifland of Arran is nearly thirty miles in length, and is very 
mountainous. The higheft hill, called Goatfield, is feen 
from a great diftance. The ifland of Arran is the property 
of the duke of Hamilton, who is earl of Arran, who has a 
fine lioufe, called Brodick caftle, on the ifland, where his 
family fometimes reflde, efpecially during the feafon for 
fhootinff groufe or black game. Arran ufed to be much 
noted for a fmuggling trade, both in contraband articles 
brought by the feamen employed in the veflels trading to the 
Clyde,, and alfo in the diftillation of whifley . The vigilance 
of the i-evenue cruifers in the Clyde has, in a great meafure, 
checked the former, and that of the excife officers the latter. 
On Arran are found a number of fine ftones, and it is fome- 
timea vifited by lapidaries, during the fummer, for the pur- 
pofe of fearching for them, or of purchafing thofe occa- 
fionally picked up by^ the natives. On the ifland are only 
two fmall towns or villages, v)/». Brodick and Lamlaih, the 
latter of w'hich, being defended from the fouth winds by an 
ifland in the mouth of the bay, is reforted to as a flicker in 
ftormy weather by the ftiips and veflels navigating the frith 
of Clyde. 

Belides thofe already mentioned, there are a few-fmaller 
iflands in the frith, vt%. the Cumbracs, which are.twoYmall 
1 Hands lying pretty clofe to the fouthern fhore, near the 
Renfrew (hire coaft, oppofice to the village of Largs, about 
1 6 miles below Greenock. The larger ifland is about two 
miles long, and on it is a very neat village, called Milport, 
chiefly inhabited by fifhermen and Teamen’s families. The 
lelTer ifland is a mere rock, where a few perfons refidc, who 
take charge of the light-houfe, and fometimes perfons in 
a Hate of infanity are boarded here by their relatives, on 
account of the purity of the air, and the retirement of the 
fituatioii. Farther doiim, and near the Ayrfhirc coaft, is the 
ftupeuduus rock, or crag of Ailfa, from which the proprietor, 
the earl of Caflius, derives his Britiih title. Ailfa is a high 
abrupt and barren rock, totally uninhabited, and covered by 
myriads of fea-fovi 1 , in fcarch of which it is fometimes vifited* 
Of the general trade of the Clyde notice has alrctidy been 
taken under the article Glasgow. 
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GRIND-IiilLl-, or Blade-tiM, in the ManufaHurest is a 
kind of mill common in the neighbourhood of Sheffield, and 
Other places where cutlery, eogc-toola, and poliflied fteel 
articles, as fenders, flee, are manufadured ; in thefc mills, a 
ffreat number of large grind-ftones arc mounted on fpindles, 
and, by means of Sraps, are turned with great velocity. 
Water, in all the rivers and brooks near Sheffield, w^as for- 
merly applied to thefe mills, but of late years fevcral large 
fteam-cngincs have been applied, to work additional gnnd- 
mills in the town and 'neighbourhood : the firft of which was 
ere6\ed by the late Mr. I'rancis Thompfon, engineer, of 
Alhover, Derbyfliire. See Cutlery. 

Giuku-Stoni’, rw.pyrWw, m Natural Hlflory^ is a very 
eoarfc, rugged, rough, and harffi Hone, of a ycllowiih 
brown colour, compofed of an irregular gnt, cemented 
together by a coarfe and debafed terrene crylialline matter, 
and intermixed with a very few glittering fpangles of white 
talc : it cuts fredy, but bears no poliffi ; it is pervaded by 
water, will not ftirike fire with fteel. is not aacd upon by 
acids, and burns to a deep red colour, but acquires no 
hardnefs. It is chiefly dug in the northern counties ot Lng- 
la’'d, and ufed for grind-ftones, whence its name. 

GRiNO-SiONE:-J,in the ManufuSiires, are flat circular ftones 
ufed for the grinding of edge tools, when fuch are mounted 
on a fpindle, and turned by a winch-handle, as is common 
in every part of the country ; but in diftrias where cutlery 
and tools are manufaaured, great numbers of thefe tlonea 
are ufed in one building, called a gnnd-mill or blade-mill, 
and are turned by water or lleam-cngines. (See Grind-Mill.) 
the ftone fuited to form grind-ftones is what ts denomina- 
ted a (harp grit, that is, the grains of fand or ftlex of which 
it is compofed are partly uniform in fr/e, and are firmly 
attached to each other by a filicious or other very hard 
cement, without the interfticcs between the grains being 
filled up, as frequently is the cafe, or nearly to, with the 
other kinds of fanfi-ftone. Grind-ftones are of very different 
degrees of finenefs, in the grains of filex, according to the 
different ftrata whence they are obtained : the coarlell and 
beft for heavy wOrks, fuch as the grinding of gun-barrels, 
flee, are from the firft or mill-ftone grit of the Dsrbyfiiire 
ftrata (fee thi feftion of thefc, in the Phil. Mag. plate 2, 
vol. xxxi.) : others arc from the third rock, the next ftratutu 
but two above the former: and in other counties eoarfc 
grind-ftones are manufactured from the coarfe grit rocks 
near the bottom of their different coal ferics ; for it is rather 
remarkable, that all the grir.d-ftone quai-iies witli which ivc 
are acquainted, are in the coal-ineafurcs or ftrata where ve- 
getable rctnaiaa abound. The finer forts of grind-ftonesi 
and what arc colled whitening or polifliing ftones by the 


Sheffield cutlers, are ,from difcrent rocks, in the upper part 
of thc'great Derby (hire coal -Teries; Mr. Whitehurft, p. i68. 
of his ** Inquiry,’’ feems to have known, or diftinguiflied 
but two out of the i8 or 20 grit-ftone rocks which this 
feries contains, and fays, the upper ftratum of aj'gillaceous 
Hone is excellent for tlie life of cutlers' grinding-ftones/* 
Mr. Mawe's knowledge of thefe ftrata feems to have been 
equally confined, fee hi3 feftion and defeription in the “ 
neralogy of Derbyfliire,*’ p. 14. It may prove interefting 
to many of our readers, to fee the following lift of grind- 
ftone quarries, with their degrees of coarfenefs, vix, 

Aftiover, N.W. (hill quarry) Derbyfliire, middling. 

Ayrelhire (water of Ayre) Scotland. 

Beely Moor, E. of the town, Derby lliire, coarfe. 

Belper, S.E. (Hungerhill) Derbyfliire, middling. 

Biddulph-Hall, N.W. of Leek, Staffordfliirc, coarfe. 

Bilftone, S.E. of Wolverhampton, Staffordfliirc, mid* 
dling. 

Bolfover, N.W. (nunnery) Derbyfhire, middling. 

Bredfal Moor, N. of Derby, middling. 

Briuclif-edge, S.E. of Sheffield, Yorkfhire, fine. 

Buxton, N. (Corbar) Derbyfliire, fine. 

Darley Moor, E. of the town, Derbyfliire, coarfe. 

Gate-head fell, S. of Newcaftle, Durham. 

Gloffop, Derbyfliire, coarfe. 

Harthill, S.E. Yorkfhire, fine. 

Hooton-Roberts, near Rotherham, York, middling, 

Horfley, N. of Derby, fine. 

Lane-top, N. of Sheffield. Yorkfhire, whitening. 

Littlc-Eaton, N. of Derby, coarfe. 

Milford, S. of Belper, Derbyfliire, coarfe. 

Mulecopt-hill, S. of Congleton, Chefhire, coarfe. 

Morlcy-Moor, N. of Derby, fine. 

Norton, W. (Hemp-yard lane) Derbyfhire, fine. 

Overton (Gregory ) in A fliovcr, Derbyfliire, coarfe. 

Polefworth, S.E. of Tamworth, Warwick. 

Purton, W. of Wolverhampton, Staffordfhire, fine. 

Ridgeway (Lum-delph) in Eckington, Derbyfhire, fine;, 

Stamey, N.E. of Derby, fine. 

Stanton by Dale, E. ot Derbyfliire, fine. 

Stanton Moor, N.E. of Winfter, Derbyfhire, coarfe. 

Therberg, near Rotherham, Yorkfhire, fine. 

Treton ditto. ditto. ' fine. 

Warton, E. of Tamworth, Warwickfhire. 

Wickerfley, near Rotherham, Yorkfliirc, middling. 

Wokea, hear Barnfley, Yorklhlve. 

Some of thefc quarries are very ancient j that in Afliovcr 
is noticed in the Doomfday furvey, but fince the inclofurr 
of tlic parifli it has been difufed. The falc of g'^iad-finncs 
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fiH^m fotne 'of theifi» where navigations are near, arc very 
confiderable* 

0RIN£)£RS9 MoXf^RES dentes* 'See Molares under the 
article Crakium. 

GRINDING, Trituration, the aft of breaking or 
comminuting a folid body, and reducing it into powder, 
duft, flour, farina, or tlie like. 

Grinding is one of the fpecics of diflblution. The paint- 
ers? colours are ground on a marble or porphyry, either with 
oil or gum-water. 

Some late phylicians contend, tliat digeilion is performed 
by grinding the food in the ftomach. &e Dickrtion. 

Grinding is alfo ufed for rubbing or wearing off the ir- 
regular or other wife redundant parts of the furf^tce of a 
body, and reducing it to the dellincd figure, whether that 
be flat, concave, or the like. 

The grinding of glajfes is a confiderablc art, and, as fuch, 
neceflaruy requires to be here infifted on j efpecially that of 
optic glaihs. 

Method of grinding opttfgl^es . — For convex glafles, the 
firft objeA is to provide a difh or bafon, witliin wjiofe cavity 
the glafs is to be formed. 

In order to this, they take a piece of brafs, copper, iron, 
or wood, and form it into a fegment of a circle, having 
the radius of the bafon or the dim intended : this dene, a 
bafon is forged by a fmith, either of iron or copper, having 
its cavity exadlly fitting or correfponding to the fegment 
Above mentioned, though fometimes they chufe to have the 
bafon call ; in this cafe, the rules elfewhere delivered for 
concave mirrors are to be here obferved. (See Mirror.) 
The figure of the bafon, thus roughly formed, is to be 
iinilhed in the pewterer’s lathe, or on a Hone mould A, 
Plate V. Optics i fv, 3, fixed to an iron axis with a pi- 
nion B C, moveable by a wheel D E, and that by a winch 
pr handle F. The bafon being ground on the mould till 
it exaftly fits in all parts, they take it off, and cementing it 
to a wooden block (loaden,^ ir need be, with lcad), .flrew 
it over with fine fifted fand, and thus grind it over again 
on the mould, till all the furrows or fcratchei be quite 
taken away. 

Laftly, they grind large pieces of glafs in a bafon, with 
find fand between, till fuch time as, its furface being vvell 
fmoothed, there is no longer any oppolilion to the motion. 

Note, the difh is known to be perfectly finiflied when, a 
hair being flretched over it, its fiiadow projeiled in the 
cavity, elpecially in a camera obfeura, (Joes not appear any 
way diilorted. 

The bafon finiflied, they proceed to choofe glaffes for 
the purpofe : in order to this, lay them on clean paper, and 
obferve what colours are projected upon it 5 for the fame 
are the colours of the glafles. A 1 a ays fet afide thofe of 
the darker colours, and choofe the brighter; but as the 
whiteft and brighteft have ufually veins, and befidea, in 
tra6l of time, by the humidity of the air, are apt to ruft 
and lofe their polifli; for this reafon Huygens recom- 
mends thofe a little yeliowifh, reddifh, or grecnifli ; Hc- 
velius the blueiih. A glafs is found to be free from bub- 
bles, fands, veins, knots, and fpires, by holding it to tl^ 
fun, and receiving the rays through it on a white paper ; 
for the flaws above mentioned wnll each projeCI a fhadow 
upon it. 

If, inflead of lenticular, or at leaft fpherical glafles, you 
make ufe of plate-glafs, it mull be divided and cut with 
a diamond into fquares ; and if it be too thick to break 
otherwife, you may do ft by laying it on a table covered 
with cloth, in fuch manner as that the fide or part to be 
fevered hang over the edge : for, being Itruck with an iron 
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inkrument, in this fituation, it eafily breaks in the diredliotl 
of the line drawn by the diamond. Having thus got a 
fquare piece, defertbe two concentric circles upon it with a: 
pair of compafles, one of wliofe legs carries a diamond : the 
diameter of the inner circle to be equal to the breadth of 
the intended lens, and that of the outer fomewhat more f 
pd break off* the corners,' as above diredled, and the lefler 
inequalities take off on a grind-ftone, or the like. Examine 
now whether the piece of glafs be every where equally 
thick ; if it be not, reduce it to fuch equality by grinding 
it on an iron plate with fand and water, Daftly, glue or 
cement the glafs thus prepared to a wooden handle N M O, 
.Af- 4* ''flb cement made of pitch and a fourth part of 
refin, or one part of wax and eleven of colophony : care be- 
ing takefl that the bafe or bottom of the handle N O be 
eqind to the glafs, and that the centre of the glafs and 
handle meet together. Smaller lenfes, as thofe ufed for 
miorofeopes, are fixed on with fcaling-wax. 

Now, to grind the glafs, and bring it to the convexity 
required, imear over the difh equally With fine fifted fand 
moiftened with water; then taking the handle with the glafs 
on it, work it on the bafo», fometimes this way, and 
fometimes that, to prevent the form of the bafon f#om being 
difturbed, never leaning too hard upon it. Wlien the glals 
has got the figure of the bafon, clean it well of all tlie fand 
and filth adhering, and fprinkle the bafon over with emery 
moiftened in water, grinding the glafs thereon till all the 
roughnefs and inequalities are taken away : after this, the 
fine fand ufed in hour-glaffes may be of fervice, applied and 
ufed as before ; remembering to take out the fand, when 
too much worn, and fubftitute new in its (lead. Some, 
in lieu of this, choofe feveral forts of emery, each finer 
than the other, or even the power of flint calcined and 
pounded. Laftly, grind the fame glafs in another bafon 
or difh, which is a fegment of a lefler fphere, making ufe 
of the like fand as before, till it has got a pretty high rim 
or margin all around. Becaufe the preflion is not here de- 
termined accurately enough upon the middle of the glafs, 
by the mere guidance of the hand, fome have chofen to make 
ufe of the following machine, efpecially for grinding obieft- 
glaffes. ° ^ 

Fix the difh H I, fg. 5. on a horizontal table ; exa6lly 
over its centre let the aperture D be, through which pais 
an iron arm five or fix inches long, faftened t© the ftaff 
A B ; Jet the other extreme of the ftaff be fitted into a 
ho^^ cut in the difh, and faftened therein. Now to grind 
the .glafs inftead of the difh, take hold of the faid ftaff, and 
work with fand, &c. as before. 

Huygens tells us, that he always ufed firft a coarfc emery, 
then a finer powder of the fame, which would be fifty 
fcconds in linking to the bottom of a veffel of water, putting 
in frefh every half or quarter of an hour: fometiines too, 
he ufed emery of fifty fecondsj for three quarters of an 
hour ; then emery of four hundred feconds, for four-fifths 
of an hour ; and laftly, emery of forty-five minutes, for a 
quarter of an hour. The lame effedl is had from powder 
of flints, broken in an iron mortar, mixed with water, and 
ftirred fometimes with a wooden fpatula, taking the powder 
as it precipitates in fome certain time to the bottom of the 
veffel, by decanting the water. What remains is to polifli 
the glafs. 

I-or a more particular account of the method of grinding 
and poliftiing glaffes for telefcopcs, extraacd from 
Huygens and other authors, by Mr. . Molyneux, and com- 
prehending the method of ‘making and poiifliing the tools, 
of choofipg the glafs, of preparing the glafles before they 
can be ground and poliflied, of grinding the glafles, and of 
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S ’ving them the lad and ffneff pohfh, %ve mud refer to Smith's 
ptics^ book iiu chap. i. pafTim. 

The late ingrenious Mr. James Short, in a paper left with 
the Royal Society, to be opened and printed after his death, 
gives the following dire6lions for working objedl-glafTcs of 
refradting telefcopes truly Tphorical. 

Prepare two plates or tools, of brafs, the one convex, 
and the other concave, being both portions of a fphere of 
the fame radius as the focal length of the obje6l-glafs you 
wunt to have, or rather of a radius fomewhat longer than 
the focal length you w'ant, for a dioptrical reafon ; let thefe 
plates or tools be between two and tlirce times the breadth 
of the objc£t-glafs defired ; or, in long focal lengths, twice 
the breadth will be fuflicient : let thelo tools be of a fufiici-' 
ent thicknefs in proportion to their breadth or diameter, 
and let them be ground w’ith fine emery exaftly true to one 
another, working them alternately, the one above the otlier, 
to preferve the ikme focal length ; or, if it is defired longer, 
you mud w'ork the convex above the concave ; or, if de- 
fired (horter, you mud grind the concave above the convex. 
After this, you prepare another brais plate or tool, of 
the fame breadth and thicknefs as the two former, and of 
the fame radius of concavity : its being truly turned on a 
lathe will be fufficient for this purpote ; which tool is to 
ferve afterwards for the poli/liing of the two furfaces of your 
obje^^-glafs, and therefore called the polifhirg tool. 

Prepare a piece of draw-coloured glafs, of the plate-glafs 
kind, of the proper diameter for the objedl-glafs you defire, 
which ought always to be broader than the proper ajierture 
for that length ; let this piece of glafs be ground fiat, in 
another tool, on both lides and as nearly parallel as may be, 
and fomewhat polifhed, in order to difeover whether there 
arc any veins or flaws in the glafs. When you are fatiafied 
of the goodnefs of the glais, you are then to prepare a 
handle to faden your glais to. Great care muil be taken 
in this, for fear of bending your glafs by the handle : Mr. 
Short advifes to take a flat piece of brafs, or rather of the 
concavity of the fphere, to which the glafs is to be ground ; 
this piece of brafs fliould not be thicker than tw'o-thirds of 
the thicknefs of the glafs, of a circular form, lefs in breadth 
fomewhat than the glafs itfelf, and having fides of the fame 
form, at right angles to the flat piece of brafs, and thefe 
fides ought to be of fuch a fhape as that the fingers may 
eafily apply to it in working, and thefe fides fliould be as 
low as may conveniently be, and no thicker than about two- 
thirds of the glafs. This handle is to be fadened to the 
glafs, by warming the glafs and handle gently before a fire, 
and laying feme pitch upon the glafs thus wanned, till it 
becomes ioft like melted wax ; and then laying )oiir brafs 
handle, a little heated, on the pitch, you preis it a little, 
till you are furc there is nothing between the glafs and the 
handle but pitch ; you then lay down the glalT and handle 
upon fomething flat, taking care that the handle is in the 
middle of the ^fs till it is entirely cold. It is very material 
to know, that the pitch, to be ufed for fadening the handle 
to the glafs, mud be foft pitch, that has never been ufed 
nor melted ; for any other pitch will infallibly bend the 

glaf»* 

You then grind your glafs in the concave tool with emery, 
and give it the proper figure and fmoothing for the lad polim, 
in the common manner. 

In order to give your glafs the lad polifli, which is the mod 
difficult part of the whole work, you are to prepare fome pit<. h 
forcovenngthebefore-mentioned poll filing concave tool, which 
is done in this manner : take fome pitch, and melt it in an iron 
ladle, and let it boil for a quarter of an hour or thereabouts ; 
by tUs boiling, the pitch, when cold, will become hard and 
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brittle ; or you may (horten this operation, by melting equal 
quantities of pitch and rofin, and then there is no occafion to 
let it boil fo long. Your pitch being thus prepared, you 
a^ain melt it, and take it off the fire, and let it dand till the 
Itch becomes pretty cold, or of a thickifli confidence ; and 
aving warmed the poll filing tool a little, to make the pitch 
flick to it, you pour out of the ladle upon the polifliing tool 
as much pitch as you judge will cover the whole tool, when 
fpread out, to about the thicknefs of one-eighth of an inch ; 
you then invert this tool with the pitch upon it, and prefs 
It upon the convex tool, which mud be quite dry, clean, and 
cold, in order to give it the figure of the convex tool : in 
cafe it has not fpread out fo as to ctover the whole furface of 
the polifliing tool, you may warm the pitch by holding it 
before the lire, and prefling it upon the convex tool, as 
before, till it has entirely covered the furface of the polifli- 
ing tool ; you then plunge it into cold water, till the brafs 
is quite cold. 

W. B. In order to know if your pitch is hard enough, you 
prefs the edge of the nail of your thumb upon it, and if it 
receives an impreflion, the pitch is not hard enough. 

You then proceed to prepare this polifliing tool, for the 
lad polifli of your glafs, by grindi g this polifliing tool 
upon the convex tool with pretty coaiTc emery, and a fmall 
quantity of water, in the common way that tools are ground 
one upon another; but this mufl be done only for a fmall 
fpace of time, and the polifliing tool mud have no other 
prefTure than its own weight, for fear of fome of the emery 
iUcking in the pitch, and you mud never allow the emery to 
grow dry : when you have ground the pitch, fo as to be all 
over of the fame colour, you then wafli the pitch from 
all the emery with a brufli and clean ivater ; after this, you 
take a bottle of water, and, holding the pitch tool in a 
doping pofition, you pour water out of the bottle fo as to 
fall upon every part of its furface. 

You then place the polifliing tool in a horizontal pofition, 
and you put upon it fome putty,, waflied from all its gritty 
particles, but it need not be the fined waflied, and you put 
a good deal of water upon your polifliing tool, mixing the 
putty and it together, and you polifli your glafs upon this 
pit ch-poli flier in the common manner of polifliing glafles. 

After you have poliflicd your glafs about ten minutes, 
you again grind your poliflicr upon the convex tool with 
emery, as before, for fear the pitch has, by working, loft 
any of its proper figure ; and the oftencr you do this; the 
truer will be the figures of your glafs ; and in this manner 
you proceed till the glafs is quite poliflied. 

You then take your glafs off its handle, by holding it 
before the fire, till it is fo warm that you can Aide the handle 
off the glais ; and wkilft the glafs is warm, you take off as 
much of the pitch as you can with the fliarp edge of a knife ; 
you then lay the glafs down to cool, and when quite cold, 
you drop mme fpirits of wine upon it 5 and this, with a 
cloth, will wipe off the red of the pitch. 

You then examine the centre of the furfaces of your 
glafs ; and if it lies to one ficle of the centre of your glafs, 
mark that place with a fpot of ink, and then put on your 
handle as before, upon the fide that is now polifhed, with 
its centre over the fpot of ink, and grind your glafs as 
before, till the circular remaining part of the glais to be 
ground is as much didant from the centre of the glafs on the 
other fide from the fpot as the fpot was from the centre of 
your glafs ; you then, by heat, return your handle to the 
centre of the glafs, and proceed to grind and polifli this fide 
of the glafs as before. 

N. if. The concave and convex tools fliould be ground: 
with fine emery, after you have done one fide of your glafs ; 
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for the oTtener thelc are ground together, you will be the 
more fure of having your figure true. Phil. Tranf. vol. Iviii. 
p. 507, dec. 

Method of. Grtn£ngi Gfr. the Jpeeula of refleamg tekfeopef. 
—The method generally followed by workmen is that 
propofed by Meflrs. Molyneux and Hadley, and publifhed 
in Dr. Smithes Optics ; this has been lately im- 
proved, in a very confiderable degree, by Mr. Mudge, 
whofe directions, founded on accurate experiments, and 
praftifed with fiiccefs in the conftruCtion of telcfcopes, we 
(hall adopt wherever they differ from thofe that occur in the 
book juft cited. For making the gages, take a long pole 
of fir, deal, or any wood, of a little more than double the 
length of the inftrument intended, and ftrike through each 
end of it two fmall fteel points, and by one of them hang it 
up perpendicularly againft a wall ; then take two pieces of 
thin plate-brafs, well hammered, a little thicker than a fix- 
pence, which may be about an inch and a half broad, and 
let their length be in proportion to the diameter of the 
fpeculum as three to two ; lo that if the fpeculum be eight 
inches diameter, thefe may be about twelve. Fix each of 
thefe ftrongly with rivets between two thin pieces of wain- 
fcot, lo that a little more than a quarter of an inch in the 
breadth may ftand out from between the boards. Then 
fix up thefe pieces horizontally againft the wall under your 
pole, and therewitli, as with a bcam-compafs, ftrike an arch 
upon each of them ; then file each of them with a fmooth 
file to the arch ftruck, fo as one may be a convex and the 
other a concave arch of the fame circle. Thefe braftes are 
the gages to keep the fpeculum, and the tools on which it is 
ground, always to the fame fphere ; and that they may be, 
therefore, pcrfedtly true to each other, it is neceftary to 
grind them with fine emery one againft the other, laying 
them on a flat table for that purpofe, and fixing one of them 
to the table. When the gages are perfcftly true, let a piece 
of wood be turned about two-tenths of an inch broader than 
the intended fpeculum, which it is beft to caft in no cafe lefa 
than two-tenths of an inch thick ; and for fpccuU of fix, 
eight, or ten inches broad, this fhould be at leaft three or 
four-tenths thick when finilhed. This board being turned, 
take fome common pewter, and mix with it about onc-tenth 
of regulus of antimony, and with that wooden pattern, caft 
one of this pewter, which will be confiderably harder than 
common pewter. Let this pewter pattern be truly turned 
in a lathe, and examined by means of the gages before-men- 
tioned, as a pattern for calling the fpecula tnemfelvei ; and 
take care, when it is turned, that it be at leaft one-twentieth 
of an inch thicker, and about one-tenth of an inch broader 
than the fpeculum intended to be caft from it. The manner 
of making the moulds for calling is now to be explained, 
and will lerve for a diredion as well for calling this pewter 
pattern, as afterwards for calling thereby the fpeculum 
itfelf. The flalks ftiould be of iron, and at leall two inches 
wider every way than the fpeculum intended. In each flallc 
there Ihould be the thicknefs at leaft of one inch of fand. 
The cafting-fand which the common founders ufe will 
anfwer the purpofe as w^ell as any ; and any fand will do 
which is naturally mixed with a fmall proportion of clay, to 
make it flick. The fand Ihould be as little wet as may be, 
and well beaten, but not too hard. The ingates Ihould be 
cut fo as to let the metal flow in, in four or five llreams, over 
the whole upper part of the mould ; otherwife, whatever 
pores happen in ihe metal will not be fo equally difperfed as 
they Ihould be o\er the whole face of the metal, thefe pores 
generally falling near the ingate llreams. Let the flallc s dry 
;n the fun for tome hours, or near a very gentle fire, other- 
wife they will warp, and give the fpecumm, when caft, a 
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wrong. figure: for, bolides faving the trouble in grinding* 
it is bell, on many accounts, to have the fpeculum caft of a 
true figure ; and for this reafoii it is beft to caft it from a 
hai d pewter pattern, and not from a wooden one, as founders 
ufually call. 

For the compofition of the metal and manner of calling 
it, fee Si'ECULUM. When the metal is caft, the next buiineis 
is to grind and polilh it, for which, fays Mr. Mudge, four 
tools are all that arc neceftary, v/a. 1 . The rough-grindcr, 
for working all the rough face of the metal ; this is bell 
made of lead, ftiftVwcd with about a fifth or fixth part of tin ; 
it Ihould be at leall a third more in diameter than the metal 
which is to be ground ; and for one of any fize, not lefs than 
an inch tliick. It may be cemented on a block of wood, in 
order to raife it higher from the bench. 

This leaden tool being caft, mu ft be fixed in the lathe, and 
turned as true as pollible by the gage to the figure of tlic in- 
tended fpeculum, making a hole in the mid^c, as a lodg- 
ment for the emery, of about an inch diameter, for a metal 
of f( ur inches : when this is doi e, deep grooves mull be cut 
acrols its furface with a graver, in the manner reprefented in 
Plate V, Optics^ fg» 6 \ thefe grooves w:ll ferve to lodge 
the emei y, and by their means tlie tool will cut much failer. 
Any kind of low handle, fixed on the back of the metal with 
foft cement, wnll be fufficient ; but it Ihould cover two-thirds 
of its back, to prevent its bending. 

2. The next tcol is the convex brafs-grinder, on which 
the metal is to receive its fpherical figure. In order to form 
this tool, procure a round ftout piece of Hamburgh brafs* 
at moll a fixlh part larger than the metal to be polilhed j 
and let it be well hammered into a degree of convexity, by 
the afliftance of the gage, fuitable to the intended fpeculum : 
then ferape and clean the concave fide fo thoroughly, that 
it may be woll tinned all over ; then caft upon it, after it 
has been proffed a proper depth into the fand, the former 
c( mpofition of tin and lead in fuch a quantity, that it may, 
for a fpeculum of four inches diameter, be at leall an inch 
and a half thick, and with a bafe confiderably broader than 
the top, in order that they may . ftand firmly upon the bench 
in the manner hereafter to be described. This being done, 
it mud be fixed and turned in the lathe with great care, and 
of fuch a convexity as exactly to fuit the concave gage. 
This tool mull have a hole, fomewhat lefs than that in the 
metal to be worked upon it, in the middle, quite through 
to the bottom. When it is finilhed off in the lathe, its 
diameter Ihould be one-eighth wider than the metal. 

The 3d tool is the bed of hones, the ufc of which 1 $ to 
perfc£l the fpherical figure, and to give the metal a fine 
fmooth face. See Bed of HoNi'S. 

The 4th and laft toof.is the bruifer, with which both the 
brafs-grinder and the hones are to be formed ; this topi 
Ihould be made of thick ftout brafs, pcrfeflly found, about 
a quarter of an inch thick, and hammered as near to the gage 
as poflible ; it Ihould be then feraped, cleaned, and tinned 
on the convex fide, as the fccond tool was on the concave, 
and the fame thicknefs of lead and tin caft upon it. This 
Oiould be as broad at bottom as at top ; and when it is fixed 
in the lathe, and turned off concave to the convex gage 
with accuracy, the diameter ought to be of a middle fize 
between the hones and the polilher or brafs grinder, which 
is ufed for this purpofe. Having with the lathe roughly 
formed the convex brafs grinder, the bed of hones, and the 
concave bruifer, the convex and concave brafs tools and the 
metal muft be wrought alternately and reciprocally’ upon 
each other with fine emery and water, fo as to keep them to 
the fame figure as nearly as poffible, in order to which feme 
walhed emery muft be procured, by putting it into a bottle. 
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H?.[f lining the bottle with water, and fhaking the mixture ; clire^ion, take it off the tool. The metal being wiped' 
fo that the coarfeft of the emery will fubfidc to the bottom quite dry, place it upon a table at a little dillance from a 
firll, and the finefl remain at the top : when frcffi emery is window ; Hand as rienr the window, at foine di/lancc from 
laid on the tools, it is be/l done by gently fhaking the the metal, and looking obliquely on its fiirface, turn it round 
bottle, and pouring out a fmall quantity of the turbid mix- its axis, and you will fee at every half turn the grain 
ture. The next operation is to grind the brafs convex tool given by the la (I crofs flrokes flafh upon your eye at once 
w'ilh the bruifer upon it, which is continued for about a over the whole face of the metal. This is a certain proof 
quarter of an hour, and then the convex tool is wrought t)f a true fphcrical figure. 

upon the bruifer in the fame rnannerr When thefe have The lafl: operation is that of polidung the fpcculum, and 
been wrought on each other, occafiorially adding frefh emery, this is the moll diliicult and eflential part of the whole p;(-- 
till the veliiges of the turning tool arc got out and both ccis. Mr Mudge, having made fome llridliires on the me- 
brought nearly to a figure, tlie fame form mujfl be eiven to tliod of MefTrs. Hadley and Molyneux, generally tolloweci, 
the metal, by grinding it U]u)n tb.e brafs tool with tlie fame delcribes at large that which he has difeovered alter a nuiii- 
kind of emery; taking care, however, by working the two her of trials^ both of giving a corredl parabolic figure and 
former tools frequently together, to keep all three exadlly an exquifite polifli at the fame time. Av.iiliiig h nifi If of 
ill the fame curve. I'he bell kind of liandle for the nictal the manner of polilhing with pitcli praclifed by llr Ifaac 
is made of lead, a little more than double its tliickncfs, and Newton, and mentioned in liis Optics, he formed his poliihtr 
fornewhat lefs in diameter, of about three pounds weight, by coating the brafs convex tool equally with pitch, which 
with a hole in the middle, a little larger than that in the Ihoiihl lie neither wry Iiard and iTfiiioiy? nor too foft, about 
metal ; the handle flioidd be cemented on witli pitch. The tlie thlckiicfi, of a .Oiilling, and by applyiiig the bruifer to it, 
upper edge of this w'olght mull be rounded olf, that the g''^e thr pitch upon the poliflier a fuie furface and the true 
fingers may not be hurt, and a groove, about the fize of the form of the bruifer. He then divided the leaden weight 
lltile finger, be turned round ju(l below it, for tlie more con- upon the back of tlie metal into eight parts, by llrokes on 
veniently holding and taking tlie metal off the tools. Wlien the fuifacc of the lead, which are marked wdth the numbers 
the bruifer, brafs tool, and metal, are all brought. to the l> 2, 3, 4, ( 5 cc. in order to dillinguifh and regulate the 
fame figure, and have a good fnrf ice, the next part of the turns of tlie metal. 1I(‘ ulfo put half an oaiice ot putty 
procefs is to give a corredl fphcrical figure and a fine face Juto an ounce jihial, and filled it tw’o-tliirds with water ; 
to the metal, upo’i the hone.i ; ilu fe, however, fhonld be <nid having fhaken the whole, let the }uittY fublide, and 
covered w’ith water for at leail an hour before they areiifed, llojqied tlu* bottle with a cork ; the other apjieinlagcs oi‘ 
otherwife they will be liable to alter their figure; and they his apparatus are a finull-fi/cd camel’s hair briifh in a tea- 
muR be never fuffered to grow dry wdiilll they arc in ufe, cup with a'little w'ater, a piece of dry cle.'in foap in a gal- 
for the fame reafon. ley-pot, and a fofi piece of fponge. '^rhefe, as vscll as the 

In order to give a proper figure to the hones, correfpond- metaJ, b»*uifer, and poliflier, fliould be conRantly covered 
ing to that of the brafs tfxd, bruifer, ami metal, wlun they from diiR. 

are fixed down to the block, fomc common flour emery, The pobRier b'dnp; fixed dowm, hrufhcd over with the 
unwaflu'd, with a good dctd of water muR be put upon them, camePs hair brn(h, after it has Lem wetted and rubbed 
and tlie bruifer being placed upon the hones, and rubbed n hiile over tlie foap ; then the hniifer is worked lightly 
over them vvitli a few Rrokes and a light liarid, the ineqnn- upon it, tfil it hiir, acquired a good face and is fit for the 
hvies of the Rone will he foon worn off, the mud that is metal, 'riien, basing lhaken up the putty in '•the pL'iii, 
generated being waRied away, every quarter of a minute, and touched tlie poliflier in five or fix places with tlw 
with a great deal of water. As foon us the hones have cork w'etted with that and the water, the bruifer is pl.u ed 
received tlie general figure f the bruiler, and all the turn- u}>on the took and a few Rrokes given to it iq on ti.e 

iiig Rrokes are W’orn out from them, tlie emery nniR be putty, in order to rub down any gritty particles : after 

carefully wafhed off, and cleared from the join s with a which, having removed it, the metal is worked liglitly 
braiH under a flream of water. The bruifer and nutal muR upon the poliflier round and round, carrying the edges 
be likewife cleared in tlie fame manner. The hones being of the fpcculum, however, not quite lialf an inch o\it 
fixed down to the block, the bruifer muR be w'orked upon the edge of the tool, and now' and then with a crols 
th(‘m with very cautious, regular, fhort Rrokes, forward and ftroke. The putty is repeatedly applied in the fame man- 
backward, to the right and left, turning the axis of the r,cr, and wrou:L;ht into the jfitch in the courfc of tlic opc- 
bruifer in the hand while you move round the bones, by ration ; and if the bruifer be apt to Rick, and docs in 
fhiftug your pofition, and walking round the block. The Hide fmuothly tlie pitch, the fir. face of either tool 

manner of condudting tliis operation is minutely deferibed may bi' occafionally bru'ncd omm* witli the foup and water, 
by Mr. Mudge. The metal tray then be rubbed upon the After fome contimiarice of this procefp, the pitch is wCll 
bones ill the fiime cautious manner, occafionally rubbiiujj the d^’kaded by tlie coaling cf t!ie putty, and the metal, 

bruifer upon the hones, in order to flrarpen them. AViien piefll-d only by its o\.'w weight and that of the hundk, 

in this way the hone pavement has given a fine face and true and occauunaily ir.f illcr.cd, mo-.cs over it witli a more uni- 
figure to the metal, you may piocccd to try the metal an ‘ and regular, i rid ion. Vv hen the poliih of the metal 

Judge of its figure, by wafhing the hone-pavement quite rtarly reachcG the the round Rrokes nuiR be gnuUially 
dean; then putting the metal upon the centre of it, and akeacd For the Ihort and Riuight outs. • When this has been 
giving two or three light Rrokes round and round only, done for iome time, in the manner miruitcdy dcfcribtd by 
-without carrying the edges of the metal much over the Mr. Mudge, the metal will be^dn to move ftiffly as tlie fric- 
hones ; this will take out Uie order of Rraight Rrokes ; then tion increaics, and the fpccuHim polilhcs very beautifully and 
having again w'aihed the hones and placed the fpeculura fpeedily, and tlie whole riufacc of the rolifhiug tool will be 
upon their centre, with gentle preffure. Ride it - towards you equally covered over with a fine metallic bronze. As the 
till its edge be brought a little over that of the hones ; then metai wears much, its furface muR be now and then cleaned 
carry it quite acroTs the diameter as far as the other fide, with a piece of fhammy leather, and the polifher likewife 
and having given the metal a light firoke or two in this with a foft piece of w^t fponge, You will now be able to 
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judge of tlie"'perfe6l fpherical figiire of the tnetraland tool, 
when there is a perfect correfpondence between the furfaces, 
by the fine equable feel there is in working, wliich is totally 
free from all jerks and inequalities. Having proceeded thus 
far, you may put the laft iinifiiing to this figure of the metal 
by bold crofs firokes, only three or four in the dirc£^ion of 
each of the ciglit dameters, turning the metal at the fame 
time : this mult be done quickly ; for, if the tool be fuffered 
to grow quite dry, you will never be able, with all your force, 
to leparate that and the metal, without deftroying the po- 
liihcr by heat. 'The metal will now have a beautinil polifii, 
and a true fpherical figure, but will by no means make a (harp 
di'liTKLt image in th • telefeope ; for the fpcculum wfill not be 
found to make parulk*! rays converge v-iihout great aberra- 
tion : and, indeed, the deviation will he fo great, as to be 
very fenlibly perceived by a great indiftin£lnefs in the image. 

Suppofing then the metal to be now truly fpherical, i(op 
the hole in the poli flier, by forcing a cork into it underneath, 
about an inch, fo that it do not reach quite to the furface ; and 
having wafiied off any mud that may 'Ue on the furface of the 
tool with a w'ct foft piece of fponge, whilll the furface of it 
is a little moill, place the centre of the metal upon the middle 
of the poliflier ; tlien having, with tkt? wet brufli, lodged as 
much water round the edge of the m. tal as the projedling 
edge will hold, fill the whole of the metal and its handle 
with water, to prevent the evaporation of the moiflurc, and 
the coufequent adhc lion betw^ecn the fpeculura and polifher, 
and l'*t the whole refi in this Hate for two or three hours : 
tins w ill jirodiice an intimate oontaifi: between the two, and by 
parting with any degree of warmth they may have acquired 
by the nearnefs of the operator, they will become perre611y 
cold together. By this time you may pu(h out the cork 
from the poliflier todifeharge the water, and give the metal 
tlie paniholic figure, in th ‘ following manner ; move the me- 
tal gi’iitly and llowly at firfi, a very little round the centre 
of the poliflier, then increaiing by degrees the diameter of 
thefc llrokes, and turning the nieial fn tiueiitly round its axis, 
give it a larger circular motion, without any prcilure, but its 
own weight ; this manner of working may lafely be conti- 
nued about tw'o minutes, moving yourfelf, as iiuial, round 
the block, and carrying the round Hrokes, in their increnfeJ 
and largell Hale, not more than will move tlie edge of the 
metal half an inch or five eighths over tlie tool. 1 he fpecu- 
lum muH not all this while be taken off from the polifher, 
and confequenily no frefh putty can be added. It will not 
be lafe to continue this motion longer than tlie time above- 
mentioned ; for if the parabolic tendency be carried in the 
l^all too far, it wnll be impolFiblc to recover n true figure of 
that kind, but by going through the whole procefs for the 
fpherical one in the manner before defcrilvtl, by the crofs- 
llrokes upon the jiollfher, which takes a great deal of time. 

Ill order to try the true figure of the Ipeculuin, place it in 
the telefeope fi;r which it is intended, and life the inftrument 
as a kind of microfeope, moving iheobjcdt to fuch adillancc 
that the rays may be nearly parallel. At about twenty 
vards a watt li-paper, or feme fuch objeft, on which there are 
fume very fine kiir-Hrokes of a graver, is fixed up. Tlic 
lead muH be taken off from the fpeculum, the fpcculum 
placed on the cell of the tube, and the inflrumcnt direded 
to tlie ohjed ; make an annular kind of diaphragm with 
card-paper, fo as to cover a circular portion of the middle 
part of the metal between the hole and the circumference, 
equal in breadth to about an eighth part of the diameter of 
the fpeculum ; this paper ring fhould be fixed in the mouth 
of the telefeope, and remain fo daring the whole experi- 
ment, for the part of the metal covered by it is fuppofed to 
be perfed, and therefore unemployed. 
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There muft Hkewife be two otliet cirdular pieces of card* 
paper cut out, of fuch iizes, that one may cover the cen- 
tre of the metal by completely filling the hole in the laft 
deferibed annular piece ; and the other, fuch a round piece 
as (hall cxadly fit into the tube, and io broad, as that the 
inner edge may juft touch the outward circumference of the 
middle annular piece. It would be convenient to have thefe 
tw'o lail pieces io fixed to an axis, that they may be put in 
their places or removed from thence fo eafily as not to dif- 
place or fimke tlie inftrument. All thefe pieces there- 
fore together w^ill completely (hut up the mouth of the te- 
lefcopc. 

I^et the round piece which covers the centre of the metal, 
or that which has no hole in it, be removed ; and, by a nice 
adjuHmcnt of the ferew', let the image (whicliis now form- 
ed by the centre of the mirror) be made as ftiarp and diftind 
as poflible. This being done, every thing elfe remaining at 
reft, replace the central piece, and remove the outfidc an- 
nular one, by which means the circumference only of the 
fpeculum w’ill be expofed, and the image now formed will 
be from the rays rcfle(i;i:ed from the outfide of the metal. If 
there be no uccaiion to move the ferew and little metal, and 
the two images formed by thefe tw'o portions of the metal 
be peifetUy Hiaip and equally dilUndt, the fpeculum is per- 
fed, and of the true parabolic curve ; or at leaft the errors 
of the great and little fpeculum, if tliere be any, are cor- 
reded by each other. 

If, on the contrary, under the hft circumftances, tlie 
image from the outfide of the metal Hiould not be diftind. 
and it fhould become neceliary, in order to make it fo, that 
the little fpeculum be brought nearer, it is plain that the me- 
tal is not yet brought to the parabolic figure ; Lji if, on the 
other hand, in order to procurw dillintniefs, you be obliged 
to move the little fpcculum fartlicr otf, thtn the figure of 
the great fpeculum has been carried beyond the parabolic, 
and hath aflumcd an hyperbolic form, \v l.en the latter is 
the cafe, tlie circular figure of the metal muft be recovered 
(after having fixed on the handle with foft pitch) by bold 
crofs llrokes upon the polifher, iinifliing it again in the 
manner above defenbed. If the fpeculum be not yet 
brought to thr parabolic form, it muft caulioufly have a few 
more round Hr.)k«'S upon Jie poliflier : indeed a very few 
of them, in the mamier befoic dcicribcd, make in etied a 
greater difrortnce in th(* fpeculum than would be at firft ima- 
gined. If a metal of a true Ipherical figure were to be 
tried in tlic ahovc-inenttoned manner in the telefeope (which 
b!r. Mudge has frequently done , the differtuice of the foci 
of the two fegments of the metal would be fo confiderable, 
as to require two or three turns of the ferew to adjuft them ; 
fo very great is the aberration of the fpherical figure of the 
fpcculum, and fo improper to procure that fliarpnefs and 
precifion fo neceliary to a good refieCling telefeope* 

Suppofing that the two foci of the diHcrcnt parts of the 
metal perfectly coincide, and that by the union of them, 
when the apertures are removed, the telefeope fiiew'S the ob- 
jects very ftrarp and diftindt, you are not however then to 
conclude tliat the inllrument is not capable of farther im- 
provement ; for you w^ill perceive a fenlibie difference in the 
iharpnefs of the image, under diffrent pofitions of the great 
fpeculura with refped to the little one, by turning round 
the great metal in its cell, and oppofing different parts of it 
to different parts of the little metal, correding by this 
means the error of one by the other. This attempt fhould 
be perfevered in for fume time, tnrning round the great fpe- 
culum about one-fixteenth at a time, and carefully obferving 
the moll diftind fituation each time the eye-piece is (crewed 
om .vvhoh>.by trying. and turning tlie great metal all rouxid. 
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the diftinft pofition w difcovered, the upper part of the 
metal (hould be marked with a black llroke, in order that it 
may always be lodged in the cell in the fame pofition, i his 
is the method Mr. Short always ufed 5 and the caution is of 
fo much confequence, that he thought it neceffary to men- 
tion it very particularly in his printed direftions for the ufe 

of the indrument. , r 

And farther, Mr. Short frequently corrected the errors ot 
the great by the little metal in another way. If the great 
fpeculum did not anfwer quite well in the telefcope, he 
cured that defect, fometimes by trying the effeCt «f feveral 
metals fucceflively, by this means correfting the errors of 
one by the other. 

The apparatus above-deferibed, for examiiiinjr the para- 
bolic figure of the fpeculum, is reprefented in Plate V. Op- 
tirsf 7 : A A is the mouth of the telefcope, or edge of 
the great tube ; B B is a thin piece of wood fallencd into 
indflufliwith theend of the tube, to which is permanently 
fixed the. annular piece of palleboard c Cy intended to cover 
and to prevent the aftion of the correfponding part of the 
fpeculum. D is another piece of palleboard, fixed by a 
pin to the piece of wood B B, on which it turns as on a 
centre; fo that the great annular opening H H may be 
Unit up by the ring F F, or the aperture G G by the im- 
perforate piece E, in fuch manner that, in the firft inflance, 
the reflexion may be from the centre, and in the latter, from 
the circumference of the great fpeculum, 

Mr. Mudge has remarked, that the operation of polifliing 
will not proceed well i« the heat of fummer or the cold of 
winter; and that neither this, nor the other of grinding 
upon the the hones, will go on fo well, unlefa they be con- 
tinued uninterruptedly from beginning to end. In the above 
account it has been fuppofed, that the metal to be wrought 
was about four inches diameter ; if it be either larger or 
fnvdller, the fizes of' the hones, bruifer, and polifher, mull 
be proportionably different. 

The pnicefs lor poliiliing the little fpeculum of a tele- 
fcopc muft be conduded in the manner already deferibed, 
for that of the large one ; only obferving, that as the little 
metal has an uninterrupted face, witliout a hole, fo there 
is no occafion for one m the polilher ; and likewife that, as 
the fpherical figure is the only objed in this cafe to be at- 
tempted, the difficulty of execution is much lefs than in the 
former. As it is always neceffary to folder to the back of 
the little fpeculum a piece of brafs, as a fixture for the ferew 
to adjuft its axis ; Mr. Mudge has communicated a neat and 
fafe method of doing it, which he received from the late Mr. 
Jackfon, and which may be very ufefiil to the optical or ma- 
thematical inftriiment-maker upon otlier occafions. Having 
cleaned the parts to be foldercd very well, cut out a piece of 
tin-foil the exa6l fize of them ; then dip a feather into a pretty 
ilrong foliition of fal ammoniac in water, and rub it over 
the tur/aces to be foldercd ; after which place the tin-foil 
between them as fall as you can (for the air will quickly cor- 
rode tlieir furfuccs fo as to prevent the folder taking), and 
give the whole a gradual and fufficient heat t6 melt the tin. 
If the joints to be foldercd have been made very flat, they 


will not be thicker than a hair : though the furfaces be ever 
lb extenfive, the folderiiig may be conduded in the fame man- 
ner, only that care muff be taken, by general prefl, , to 
keep them clofe together. In this manner, for inllance, a 
filver graduated plate may be foldercd on to the brafs limb 
of a quadrant, fo as pot to be difcernible by any thing but 
the different colour of the metals. 

We (hall ck>fc this article with obferving, that a method of 
giving the parabolic %urc to bis great fpeculum was a point 
4 )f perfedion which Gregory and Newton had wifhed for, 
but defpaired of attaining, and which Hadley does not appear 
to have attempted either in his Newtonian or Gregorian te- 
lefcope. Mr. Short is faid to have poffeffed the fe Tet ; how. 
ever, it died with that ingenious artift. The methad ^Ifcover- 
ed by Mr. Mudge, above recited, is, as he has ftrong reafon 
to believe, the fame with that of Mr Short* See farther on 
this fubjed Smith's Optics, book iii. chap. fi. and Mr. 
M^<lge^s excellent paper in the Phil. Tranf. vol. Ixvii. part h 
art. 16. p. 296 — 348. See Telescope. 

Guindino is alfo ufed for a coarfer and lefs accurate me- 
thod of -fmoothiug o** pollfliing the fiirface of a body, parti, 
ciilarly glafs for looking-glaflVs, &c. 

In the new method of working large plates of glafs for 
looking-glaffes, coach-glaffes, &c. by moulding, and, as it 
were, calling them, fomewhat after the manner of metals, 
deferibed under the article Gla.sk, the furfacc being left 
uneven, it remains to be ground and poliffied. In order to this, 
the plitc of glafs is laid horii^ontally on n ftone in manner of 
a table, and to fecure it the better, plallered down with 
mortar or Ihicco, that the effort of the W’orkraan, or of 
the machine ufed therein, may not (hake or difplace it ; to 
fulluin it, there is a ftrong wooden frame that furrounds it 
an inch or two higher than the glafs : the bottom or bafe 
of the grinding engine is another rough glafs about half the 
dimenfions of the termer ; on this is a wooden plank, ce- 
mented to it ; and upon this are proper weights applied, to 
promote the triture, the plank or table being faltened to a 
wheel, which gives it motion. This wheel, which is at 
lead five or fix inches diameter, is made of a very hard but 
light wood, and is wrought by two workmen placed againft 
each other, who pu(h and pull it alternately ; and fometimes, 
when the work requires it, they turn it round. By fuch 
means, a conftant mutual attrition is produced between the 
two glaffes, which is favoured bv water and fands of feveral 
kinds beftowed between ; fand ftill finer and finer being ap- 
plied, as the grinding is more advanced ; at laft emery is 
ufed. Wc need not add, that as the upper or incumbent 
glafs polifhes and grows fmoother, it mull be (hifteff from 
time to time, and others put in its place. 

It ib to be noted, that only the larged fize glaffes are thus 
ground with a mill ; for the middling and fnialler forts arc 
wrought by the hand ; to w’hich end there are four wooden 
handles at the four corners of the upper ftone or carriage, 
for the workmen to take hold of, and give it motion. What 
remains to the perfection of glafs, comes under the denomi- 
nation of poll/bhijr^ which fee. 
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Gun Flinty in Technological Minerak^y. The mode of ma- 
nufaAuring gun-flints, as we have ohierved in the article 
Flint, has for a long time been involved in fable and myftery ; 
indeed, even in the M6raoire8 dc TAcademie dc France, we 
are told, “ that there is never a deficiency of flints in thofe 
countries where they have once been found ; that, as foon as a 
quarry appears cxliauftcd it is flint up ; and that when after 
a certain number of years it is rc-openod, the flints an* found 
there under the fame circimillances«a8 before.*’ The fame 
erroneous idea is repeated in the French Encyclopedic, and 
other “works ; and it was not till lately tliat wc have been 
made fully acquainted (by Racquet of Vienna and by Do- 
lomieu) wjth the limple manner of manufaduring gun-flints 
in Gallicia and France, wlierc they conflitutc an important 
article of commerce. The latter of the above naturalifts 
has given an account of it in the M^n dc I’lnditut National 
des Sciences (ClalTe Mathematiqu; ct Phyfique,t. 3. an. ix.) ; 
the former in a monograph on this fubjed, written in the 
German language. 

In France, the heft flints are found in the neighbourhood^ 
of St. Aigiian, in the department of the Loir-ct-Cher, and in 
that of the Indre, and the departments that occupy the 
vallies of Seine-ct -Marne : they occur as hori'/ontal banks 
in flctz-limellone, particularly chalk, and alfo in marie. 
Among twenty of fucli beds, or layers, iituated one above 
the other at the dillance of about twenty feel, there ia gene- 
rally only one, very fcldom two, that furnifli good gunfflints : 
all thofe of a good quality are coated with a white cjirthy 
rind, (See Flint.) On the banks of the Cher, the flints 
are excavated by means of fliafts of forty to fifty feet in 
depth, from whence levels or horizontal galleries are car. 
ried into the only good ftratum which is known in that 
dillrid ; but on the banks of the Seine, in the hilliKks of 
Rocheguyou, where the cliffs of chalks prefent broken pre- 
cipices, the beds of flint are laid open to view ; one of thefe 
beds, whicli contains the good fort, is at about fix fatlioms 
diftance from the upper fiirfacc of the great mafs of 
chalk. 

*rhe charafters by which the good flints arc diftinguiflicd 
from thofe lofs fit for being manufaftured are the follow- 
ing : Their furface is rather convex, approacliing to glo?- 
bular ; thofe tliat arc amorphous, or of a very irregular 
form, fuch as knobbed, branched, &c. are generally full of 
i nperfeftions. Good flint nodules feldom exceed the weight 
of twenty pounds ; nor are thofe that weigh lefs than one 
or even two pounds confidered as being of a good quality. 
Internally they fhould appear unftuous and rather (hining, 
with a grain too fine to be perceptible to the eye. The 


colour may vary from lioney-yellow to blackifli brown ; but 
the tint fhould be uniform in the fame nodule. Their transpa- 
rency fhould be fufficient to admit letters to be dillingiiiihcd 
through a piece of the (lone of a quarter of a line thick, 
laid cTofe upon the paper. Their traAure fliould be per- 
fedlly fmooth and equal throughout, and the fragments 
flightly conchoidal. The laft of thefe properties is the 
mofl effential, lince on it depends tlie facility with which the 
nodule is divided into gun-flints. All flints that prove de- 
ficient in any one of the above charafters, either naturally 
or by a long expofure to the air, are called intraaable^mi 
rejefted by the workmen. 

The tools made ufeof by the caillouteurs (a name given to the 
makers of gun-flints in France) are four in number: i. A 
hammer or mace of iron with a fquare head {PL 11. Geology, 
fig. I.), the weight of which does not exceed two poun^; 
(but it may be of half that weight only,) with a handle of 
feven or eight inches long. This tool is not made of ftecl, 
for an rxeefs of liardnefs would render the ftrokes too hard 
or dry (as the phrafe is), and would fhatter the nodules 
irregularly, inllend of breaking them by a clear frafture. 

2. A hammer with two points {fi^, 2.) This is made 

of good ftecl, well hardened ; its weight does not exceed 
fixfeen ounces ; indeed it may weigh ten ounces only. Its 
hanclle is feven inches long, pafling through it in fuch a 
niniincr that the points of the hammer are nearer the hand 
of the workman, than the centre of gravity of the mafs. 
The form and ii/e of the hammers of different workmen vary 
a little; but this difpofition of the points is common to 
them all, and is of confequence to the force and certainty of 
the blow. ^ 

3. The difle-hammer, or roller, a fmall tool, called in French 
roulelle, which reprefents a folid wheel, or fegment of a 
cylinder, two inches and four lines in diameter {fig, 3.): its 
weight docs not exceed twelve ounces. It is made of keel 
not hardened, and is fixed on a handle fix inches in length, 
which paffes through a fquare hole in the centre. ^ 

4. A chiffel tapering and bevilled at both extremities 
(/^* 40> ^^^ven or eight inches long, and two inches wide, 
made of fteel not hardened ; this is let on a block of wood, 
which, at the fame time, ferves as a bench for the work- 
men. 

To thefe four tools we may add a file, for the purpofe of 
reftoring the edge of the chiffel from time to time. 

After having feledled a good mafs of flint, the following 
four operations are performed by the workman. ® 

1. To break the i/or/*.— The workman, being feated on 
the ground, places the nodule of flint on his left thigh, and 
applies flight ftrokes with the fquare hammer, to divide it 
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into fmaller pieces of about a Mund and a half each* with 
broad furfaces, and almoft even tiradure. The ftrokei (hould 
be moderate, left the mafs cncK and fplit in the wrong 
diredion. 

2. To cleave or chip the /nt.—Tlie principal operation is 
to fplit the flint well, or to chip off fcales of the length, thick* 
nefs, and (hape adapted, to be afterwards faihioned into 
gun-flints. In this part the greateft degree of addrefs and 
certainty of manipulation are required. The fradure of the 
flint is not confined to any particular diredion ; it may be 
chipped in all parts with equal facility. 

The workman holds the piece of flint in his left hand, 
not fupported, and ftrikeswith the pointed hammer. No. 2, 
on the edges of the great planes produced by the flrft break- 
ing, by which means the white coating of the flint is re- 
moved in the form of fmall fcalcs, and the mafs of the flint 
itfelf laid bare in the manner reprefented, jfg. j j after 
which he continues to chip off fimilar fcaly portions from 
the pure mafs of the flint. Thefe fcaly portions are nearly 
one inch and a half wide, two inches and a half long; and 
their tliicknefs, in the middle, is of about two lines. They 
are (lightly convex below, and coafequently leave in the 
part of the flint from which they were feparated a fpace 
(lightly concave, longitudinally bordered by two, rather 
projeding, ftraight lines or ridges, Jig. 6. Thefe ridges, 
produced by the feparation of the firii fcales, muft naturally 
conftitute nearly the middle of the fubfequent pieces ; and 
fuch fcalcs alone as have their ridges thus placed in the 
middle are fit to be made into gun-flints. In this manner 
the workman continues to fplit or chip the mafs of flint in 
various diredions, until the defects ufually found in the in- 
terior render it inipolTible to make the fradures required, or 
until the piece is reduced too much to receive the fmall blows 
by which the flint is divided. 

3. To fajh'm the gmJRnl.-^Tm different parts may he dif- 
tinguilhed in a gun-flint. 1 , The (loping facet, or bevil part, 
which is impelled againft the liammer of the lock or the 
gun : it is called by the French meche. Its width (hould 
be from two to three-twelfths of an inch : if it were 
broader it would be too liable to break ; and if more ob- 
tufe, the feintOktion would be lefs brilk. 2dly. The fides, 
or lateral edges, which are always rather irregular. 3dly. 
The back, or the part oppofite the tapering edge ; this 
is the thickeft part of the flint. The French call it talon. 
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4thly. The under furface, which is uninterrupted and 
rather convex. And, ythly. The upper face, a fmall 
fquare facet between the tapering edge and the back, 
which receives the upper claw of the cock ; it is lligbtly 
concave. The French term for it is ajk* 

In order to fafliion the flint, thofe (rales are fekded that 
have at lead one of the above-mentioned longitudinal ridges ; 
the workman fixes on one of the two tapering borders to 
form the ftriking edge ; after which, the two fides of the 
done that are to form the lateral edges, as well as the part 
which is to form the back, are fucceilively placed on the edge 
of the chiifcl in fuch a manner, that the convex furface of 
the flint, which reds on the fore-finger of his left hand, is 
turned towards that tool. lie then, with the roulette, ap- 
plies (bme (light ftrokes to the flint jud oppofite the edge of 
the chillel uni^rneath ; by which means tde flint breaks ex- 
actly along the edge of the chiffel. 

4. The finifliing operation is the trimming, or the procefs 
of giving the flint a fmooth and equal edge ; this is done 
by turning the done, and placing the edge of its tapering 
end on the chiffcl, in whicli fituation it is completed by five 
or fix flight drokes with the roulette. This is termed 
rnffiler by the French workmen. 

The whole operation of making a gun-flint is performed 
in Icfs than one minute. A good workman is able to manu- 
fa&ure a thoufand good chips or fcalcs a day (if the flint 
nodules be of a good quality) ; and in the fame manner he 
can falhion 500 gun-flints in a day ; fo that in the fpace of 
three days he is able to cleave and finifli a thoufand gun- 
flints without farther aflldance. 

This work leaves a great quantity of refufe, forfcarccly 
more than half of the fcales are good, and nearly half the 
mafs in the bed flints is incapable of being chijiped out, fo 
that it feldom happens that the larged noJulcs will furnilh 
more than fifty gun-flints. Such fcalcs as have a cruft, or 
are too thick to be made into gun-flints, are ufed for the 
more common culinary purpofe of driking a light. Thofe 
that are fold at Paris are brought from the banks of the 
Seine, and arc generally of a browm colour. 

The gun-flints arc (orted out according to their pet- 
feftion, and the ufc to which they are to be applied. They 
areclafled into extra and common flints; flints for piftoli, 
mulkets, and fowling.j'ioces. 
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GUNPOWDER, a compofition of nitre, lulphur, and 
charcoal, mixed together, and ufually granulated, which 
cafily takes fire, and, when fired, rarefies, or expands, with 
great vehemence, by means of its elallic force. 

It is to this powder we owe all the aftion and effeft of 
guns, ordnance, See. fo that the modern military art, for- 
tification, kc. depend almoft wholly upon it. 

It has been eafily difeovered, that ialtpetre or nitre is 
not indifpenfibly neceflary in the compofition orgunjpowder; 
and that it may be fupplied by other fubllances. blew gun- 
powder was fome time ago made in France of double the 
ftrength of the old, without any nitre ; and Dr. Htttton 
tried fome of it in 1790 at Woolwich, and found that it 
was about double the ttrength of the ordinary fort. The 
iubitituie for nitre is the like quantity of the marine ncid. 
This, however, is an exjpenfirc article ; and it is ittendeA 
yrith the inconvenicnee of taking fire and cxplodii^, froni 
a very fmiU degree of heat, and even without the m of a 
(park. Some ^mifts have propofed to fubftitute for nitre 
the oxymuriat of pot-a(h, and it has bet n found from ex^ 
pcrimcnts> fufficiently decifive, that gunpowder tiuia made 
exceeds with refpeft to energy of explofion the commoit 
powder. But oxymuriats ad differently from mixtures 
with nitre ; they exert their power fuddeufy and in a very 
fmall feace, fo as to be very dclirudlive ; but in projedile 
force they are inferior to gunpowder. Thefe have alfo the 
dangerous quality of exploding with moderate friftion. 
Some perfons, mifled by an experiment of “Dr. Halest 
which mews that burning fulphur does not generate elaftic 
air, but diminillies the quantity of common air, liave ima- 
gined that fulphur was an unnccefTary and even injurious 
ingredient of gunpowder. But M. Beaumfe has found by 
experiments, that the force of gunpowder was nearly 
doubled by addition of the fulphur. Sulphur, indeed, is 
not neceflary for the explofion of gunpowder, as the other 
two ingredients, well mixed, will explode ; but it ferves to 
diffufe the fire inftantancoully through the hole mafs of 

! powder. The advantage, however, of ufmg fulphur feems> 
irom fome late experiments in France, applicable for in- 
creafing the force of explofion only to fmall charges > but 
in quantities of fome ounces, the explufive, or at Teaft the 


projeding, force of powder without fulphur is us confider- 
able as it is with it. 

The invention of gunpowder is aferibed, by PolVdore 
Virgil, to a chemift ; who accidentally put fome ot this 
compofition in a mortar, and covered it with a ftone, when it 
happened to take fire, and blew up the ftone. 

Thevet fays, the perfon here fpoken of, was a monk of 
Fribourg, named Conftantine Anelzen ; but Belleforet, and 
other authors, with more probability, fufpofe him to be Bar- 
tholdus Schwartz, or the Black, who dilcovered it, as fome 
fay, about the year 1320 ; and the firft ufe of it is aferibed 
to the Venetians in the year 1380, during the war with the 
Genoefc ; and it is faid to have been firft employed in a place 
anciently called Fofla Clodia, now Chioggia, againft liau»^ 
rence de Medicis ; and that all Italv made complmnts againft 
it, as a manifeft contravention of fair warfare. 

But what contradids this account, and (hews gunpowder 
to be of an older era, is, that Peter Mexia, in his Various 
Readings, mentions that the Moors, being befieged in 1^43 
by Alphonfus XI. king of Caftile, difeharged a fort of iron 
mortars upon them, which made a noife like thunder ; which 
is feconded by what Don Pedro, bifhop of Leon, relates 
in his chronicle of king Alphonfus, who reduced Toledof 
viz, that in a fea-coinbat between the king of Tunis, and 
the Moorifh king of Seville, above four hundred and fifty 
years ago, tbofe of Tunis had certain iron tubs or b-rrels» 
wherewith they threw thunder-bolts of fire. 

Du-Cange adds, that there is mention made of gunpowder 
in the regifters of the chambers of accounts in France at 
earlv as t& year 1338. 

Farther, it appears that our Roger Bacon knew of gun^ 
powder near a hundred years before Schwartz was born. 
That excellent friar tells us, in his treatife De Secretii 
Operibus Artis 8 c Naturv, Sc de Nullitate Magise,’* cap. 
wmch is fuppofed by fome to have been publiflied at Ox« 
ford in 1216, and which was undoubtedly written before 
his Opus Majus, in 12679 ** that from falt-petce, and other 
ingredients, we are able to make a fire that (hall burn at 
what diffiance we pleafc.** Dr. Plott, in his Hiftory of 
Oxfordihire,*’ p. 236, &c. aifurcs us, that thefe ** othet in* 
gredienU wcie explained in a MS. copy of the fame 
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tmtlTei In the hands of Dr. G. Langbaini feon by Dr. 
Wallist to be fulphur and wood coal.” The writer of tlw 
life of Friar Bacon* in the Biographia Britatinica* toI. t. 
iayi* that Bacon himfelf has divulged the fecret of this com- 
pofition in a cypher* by tranfpoiing the letters of the two 
words in chap. xi. of tne above cited treatife ; where it is 
thus exprelTed ; ** fed tamen falis petne lura mope eon uhre 
(t. e. Carbonum pulverc) et fulphuris \ et fie facies toni- 
trum & corrufeationem* fi feias artificiiim and from hence 
Bacon’s biographer apprehends the words carbonum pulvere 
were transferred to the /ixth chapter of Dr. Dangbain’s 
MS. In this fame chapter Bacon exprefslv fays* that founds 
like thunder* and corrufeations, may be formed in the air* 
much more horrible than thofe that happen naturally. He 
adds* that there are many ways of doing this* by which a 
city or an army might be deilroyed ; and he fuppofes that* 
by an artifice of this kind* Gideon defeated the Midianites 
with only three hundred men. (Judges* chap, vii.) There 
is alfo another pafTage to tlie fame purpofe* in the treatife 
<>De Scientia Expenmentalia.*' See Dr. Jebb’s edition of 
the Opus Majus* p. 474. 

Mr. Robins apprehends (fee the preface to his Tradts)* 
that Bacon deferibes gunpowder not as a new compofition* 
firll propofed by himfrif, but as the application of an old 
one to militaij purpofes, and that it was known long before 
his time. Marcus Graecus* an ancient author* who pro- 
bably lived about tlie time of tlie Arabian phyfician Mefue* 
in the beginning of the ninth century* and mentioned by 
him* in a treatife intitled Liber Ignium*” of which Dr. 
Mead had a MS. copy, and cited by Dr. Jebb in the preface 
to Bacon's Opus Majus* deferibes two kinds of Hre-works ; 
one for flying* inclofed in a cafe or cartouche* made long 
and flender* and filled with the compofition clofely rammed* 
like our modern rocket; and the other thick and fhort* 
ftrongly tied at both ends* and half filled* refembling our 
Cracker ; and the compofition which he preferibes for both 
is two pounds of charcoal, one pound of fulphur* and fix 
pounds of falt-petre* well powdered and mixed together in 
a flone mortar. See Cakkon. 

Mr. Dutens carries the antiquity of gunpowder much 
higher ; and he refers to the accounts given by Virgil (iEn. 
lib. vi. ver. 585.)* Hyginus (Fabul. 01. and 650.)* Eufta- 
thius (ad OdyfT. A. 234. p. 1682. 1 . l.), Valerius Flaccus 
(lib- I* 662.)* and others* of Salmoneus’ attempt to imitate 
thunder* prefuming from hence that he ufed a compofition 
of the nature of gunpowder. He adds* that Dion CafTius* in 
the <*Hi(l. Rom. inCaliguh” p. 662* and Johannes Antioche- 
ous* in Chronica*” apud Peirefeiana Valefii* Paris* 1604* 
p. 804* report the fame thing of Caligula. The Brach- 
mans did the fame* according to ThemiiUus Orat. xxvii. 
p. 337. and alfo the Indians* whofe praAice is record- 
ed by Philoftratus* Vita Apol. lib. ii. cap. 33. See likewife 
lib. iii. cap. 13. Dutens's Inquiry into the Origin of the 
Difeoveries attributed to the Moaerns* p. 262* See, £ng. 
ed. 1769. 

Sec the preface to the Code of Gentoo Laws* 1776, 
where it is aflerted* that gunpowder was known to the 
inhabitants of Hiiidooflan Ur teyond all periods of invefti- 
gation. 

Gunpowder, Preparation tf* There are divers compo- 
fitions of gunpowder, with refpe& to the proportions of 
the three irigredients, to be met with in pyrotechnical 
treatifes ; but the procefs of making it up is tnuch the 
{iune in all. ^ 

For fome time after the invention of artillery* gunpowder 
tvas of a much weaker compofition than that now ufed by 
US* er that deferibed by Marcus Qrascus | which was chiefly 
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owing to the wtaknefs of tbeir brd piecel. See Guk anri 
Cannon. 

Of 23 different compofitions* ufed at different times* and 
mention^ by Tartaglia in his Quef. and Inv. lib. iii. quef. 5. 
the firfl* which was the moft ancient* contained equal parts 
of nitre* fulphur* and charcoal. When guns of modem 
ftrufture were introduced* gunpowder of the fame compo- 
fftion with the prefent came alfo into ufe. The cannon 
powder* in the tunc of Tartaglia* was made of four parts 
of falt-petre* one of fulphur* and one of charcoal ; and the 
mulket powder of 48 parts of falt-petre* feven parts of 
fidphur* and eight parts of charcoal; or of 18 parts of 
falt-petre* two parts of fulphur* and three parts of char- 
coal. The cannon powder was in meal* and the muiket powder 

S rained ; and it is certain that the invention of gp*aining pow- 
er* which is a very confiderable advantage* is a modern im- 
provement. ( See the preface to Robins’s Math. TraAs* p. 32* 
&c. ) The modern compofition of H is fix parts of nitre 
to one of each of the other two ingredients : though Mr. 
Napier fays (Traaf. of the Irifh Acad. vol. ii.) that he finds 
the ftrength commonly to be the greatefl with the following 
proportions* viz» tlb. of nitre, about 9 o?. of charcoal 
and about 3 ox. of fulphur : the proportion of ingredients 
in the powder of different nations and different manufacto- 
ries has been very various. With us the government pow- 
der is the fame for cannon and for fmall arms s the efiffer- 
cncc coufifting only in the fize of the grains ; but in France 
there have been commonly enumerated three kinds of pow- 
der* w*. cannon -powder* mufket-powder* and piftol-pow- 
des ; of each of thefe again there are two forts* a ftronger 
Und a weaker ; aU which differences arife only from the 
various proportions. 

The proportions arc thus : in the ftronget cannon-pow- 
der, to every 100 pounds of falt-petre* 25 pounds of 
fulphur are generally allowed* with the fame ^antky of 
charcoal ; and in the weaker cannon-powder* te^very 100 
pounds of falt-petre* 20 pounds of fulphur* and 24 pounds 
of charcoal. As for the ftronger mufket-powder* 100 
pounds of falt-petre require 18 pounds of fulphur* and 20 
of charcoal ; and in the weaker* the proportional quantities 
are 100 pounds of falt-petre, 15 of fulphur* and 18 of 
charcoal. In the ftronger piftol-powder* 100 pounds of 
falt-petre require 12 of fulphur, and ic of charcoal ; 
whereas 'the weaker has to 100 pounds of falt-petre only 
10 of fulphur* but iS of charcoal. 

Other authors preferibe different proportions : Semieno- 
witz* for mortars* direCls 100 pounds of falt-petre* 25 of 
fulphur* and as much of charcoal; for great guns 100 
pounds of falt-petre* 15 of fulphur, and 18 of charcoal; 
for mufkets and piftols* 100 pounds of faltpetre, eight of 
fulphur* and ten of cliarcoal. Macquer* the author of the 
** Diftionary of Chemiftry,*’ recommends 75 parts of puri- 
fied nitre* 15I parts of charcoal* and 9^ parts of fulphur. 

Miethius extols the proportion of one pound of falt-petre 
to three ounces of charcoal ; or two, or two and a quarter, 
of fulphur : than which, he affirms, no gunpowder can poffi- 
bly be ftronger. He adds* that the uuial pradiice of mak- 
ing the gunpowder Weaker for mortars than guns, as in the 
example above* is without any foundation* and renders the 
expence iieedlefsly much gi^ater ; for whereas to load a large 
mortar 24 pounds of common is required, and confequently 
to load it ten times* 240 pounds ; he /hews by calculation* 
that the fame cfFe^ would be bad by z 80 pounds of the 
ftrong powder. 

Mr. Napier has analyfed the Chinefe powder* and found 
the proportions of its ingredients to be nearly zoo of nitre, 
18 of charcoal, and i| of fulphur. It was hrge-grained, 
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ncft wy ftrong, but bard> well coloured, and in good pre- 
fetation. The French made many trials in 1756 at the 
royal manufaftory of Eflbne, near Paris, for determin- 
ing the beft proportions of the' component ingredients of 
powder. Of powder made with nitre and charcoal alone, 
16 of nitre and four of charcoal yielded the ftrongeft, and 
gave a power of 9 in the eprouvctte. With all thefe 
ingredients^ 16 of nitre, four of charcoal, and one of ful- 
phur, raifed the eprouvctte to 15, and both a lefs and a 
rcater quantity of fulphur produced a fmallcr eifeft. Then 
iminiihing the charcoal, a powder of 16 of nitre, three of 
charcoal, and one of fulphur, gave a power of 1 7 in the 
rarouvette, which was the higheit produced by any mixture. 
This laft was alfo tried in the mortar eprouvctte againft the 
common proof powder, and was found to maintain a fmall 
fiiperiority. The powder made without fulphur in the pro- 
portions above intimated was alfo tried in the mortar eprou- 
vette, and with the following fingular refult; v^hen the 
charge was only two ounces, it projected a 6olb. copper ball 
213 feet, and the ftrongcil powder with fulphur projc<^ed it 
249 feet ; but in a charge of three ounces the former pro- 
jected the ball 475 feet, and the latter only 472 feet : and 
on the other hand the great inferiority of force in tlie fmall- 
cr eprouvctte of the pow'der without fulphur has been juft 
noticed.'' Aikin’a Dift. 

When the feveral ingredients of gunpowder are properly 
prepared, mixed, and grained, in the manner already recited, 
if the lead fpark be ftruck thereon from a fteel and flint, the 
whole will be immediately inflamed, and burft out with ex- 
treme violence. 

The effeft is not hard to account for : the charcoal part 
of the grain whereon the fpark falls, catching fire like tin- 
der, the fulphur and nitre are readily melted, and the former 
alfo breaks into flame ; and at the fame time the contiguous 
grains undergo the fame fate. Now it is known, that falt- 
petre, when ignited, rarefies to a prodigious degree. 

Sir Ifaac Newton reafons thus on the point : the charcoal 
and fulphur in gunpowder eafily take fire, and kindle the 
nitre | and the Ipirit of the nitre, being thereby rarefied hito 
vapour, rufhes out with an explofion much after the manner 
that the vapour of water rufhes out of an aeolipile ; the ful- 
phur alfo, being volatile, is converted into vapour, and aug- 
ments the explofion : add, that the acid vapour of the ful- 
f>hur, namely^ that which diftils under a bell into oil of ful- 
phur, entering violently into the fixed body of the nitit, lets 
loofe the fpint of the nitre, and excites a greater fermenta- 
tion, whereby the heat is farther augmented, and the fixed 
body of the nitre is alfo rarefied into fume ; and the explo- 
fion is thereby made more vehement and quick. 

For if fait of tartar be mixed with gunpowder, and that 
mixture be warmed till it takes fire, the explofion will be 
greatly more violent and quick than that of gunpowder alone, 
which cannot procet‘d from any otlier caufc than the adion 
of the vapour of gunpowder upon the fait of tartar, where- 
by that fait is rarefied. Sec Pulvu Fulminans. 

The explofion of gunpowder arifes, therefore, from the 
violent adiion vrhereby all the mixture being cjuick^ and ve- 
hemently heated, is rarefied and converted into fume and 
vapour ; which vapour, by the violence of that adiion, be* 
comes fo hot as to fhine, and appear in the form of a 
flame. 

Dr. Ingenhoufz accounts for the effe^ of gunpowder, 
by obferving that nitre yields by heat a fiirprifing quantity 
of pure depKlogifticatea air, and charcoal a confiierable 
quantity of inflammable air ; the fire employed to inflame 
uie posvder extricates thefe two airs, and lets fire to them at 
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the inftant of their extrication. See this theory largely ex^ 
plained in Phil. Tranf. vol, Ixix. part ii. art. 2& 

Count Rumford (fee Phil. Tranf. for 1797O .*• op*-* 

nion that the force of the elaftic fluid, generated in the com* 
buftion of gunpowder, may be fatisfadtorily accounted for 
upon the fuppofition that its force d^ends iolely on the elaf- 
ticity of watery vapour or fteam. For this purpofe he re- 
curs to the experiments of M. Betancour, publilhed at Paris^ 
under the aufpices of the Royal Academy of Sciences, in the 
year 1 790, which (hew that the elafticity of fteam is doubled 
oy every addition of temperature equal to 30® of Fahren-^ 
belt. From the count’s reference it appears that the exfie- 
riments were carried as far as 280^ of that fcale, in which: 
cafe the preflure was found to be equal to about four at- 
mofpheres. He afiirms, that tliere feems to be no reafoa 
why the fame law ihould not hold in higher temperatures, 
and he has therefore extended his computations through it 
more terms of the geometrical feries, the laft of which af- 
fords an elaftic force equal to more than 6 $,ooo atmofplieres» 
If, indeed, the dedudtions from M. Betancour’s experi^ 
ments be admitted, the water of cryftaliization in the nitre, 
and the moifture, which the charcoal may be conceived to 
retain, appear to be fully fuflicient to account for the explo- 
five force by means of (team only. Tlie galTes produced by 
the explofion of gunpowder have not been analyfed with ac- 
curacy fince the difeovery of all the variety of gafles with, 
the balls of carbon : hut they are certainly carbonic acid, 
fulphureous acid gas, and carhuretted hydrogen. The refi- 
due is chiefly a fulphuret of potalh formed by a part of the 
fulphur uniting with fome of the alkali of the nitre, and 
hence proceeds the hepatic finell of a foul and damp gun- 
barrel. Aikin’s Di£l. 

M. de la Hire, in the Hiftory of the French Academy for 
1702, aferihes all the force and eirc£l of gunpowder to the 
fpring or elafticity of the air inclofed in the feveral graint 
thereof, and in the intervals or Ipaccs between the grams ^ 
the powder being kindled, fets the fprings of fo many little 
parcels of air a ^aying> and dilates them all at once, whence 
the eiFe£l ; the powder itfelf only ferving to light a fire 
which may put the air in a6lion ; after which the whole 
is done by the air alone. 

But it will appear from the experiments and ohferva^ 
tions of Mr. Robins, recited in the fcquel of this article, 
that if this air he in its natural ftate at the time when the 
powder is fired, the greateft addition its elafticity could ac- 
quire from the flame of the explofion would not amount 
to five times its ufual quantity, and, therefore, could not 
fuffice for the two hundredth part of the effort, which is 
exerted by fired powder. 

In order to underftand the force of gunpowder, it muft 
he confidered, that whether it he fired in a vacuum or in 
air, it produces by its explofion a permanent elaftic fluid. 
For if a red-hot iron be included in a receiver, and the 
receiviT beexbaullcd, and the gunpowder be then let fall 
on the iron, the powder will take fire, and the mercurial 
gage will fuddenly defeend upon the explofion ; and though 
It immediately afeends again, yet it will never rife to the 
height it firft flood at, but wiU continue depreffed by a 
fpace proportioned to the quantity of gunpowder which 
was let fall on the iron. By this means ( firing fmall quan- 
tities at a time) the mercurial gage may be reduced from 
29*J inches to 12J. Now this experiment, which has been 
often repeated, proves the propolition With refped to the 
produ^ion of a permanent elaftic fluid in a vacuum ; for 
the defeent of the gage could only be effeAed by the pref- 
fure of fomc new 'generated fluid in the receiver, halandng 
in part the preffure of the external air, Tliai this fluid, or 
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ffemc part of it at leaft was permanent, appears from hence, 
that though in thef* experiments the quickfilver afeended 
af«. ?5 the operation, y t, next day it had afeended no higher 
thirr 22 at which place it feemed to continue fixed. And 
that this fluid is elattic, is proved from the defeent of the 
mercurial gage ; fince the quantity of matter contained in 
this fluid could not by its gravity alone have funk the quick* 
filver by the leaft feiiflble quantity ; alfo from its extending 
itfelf through any fpace, however great, the experiment 
fucct'eding in either a large or fmall receiver, only the larger 
the receiver the lefs will be the defeent of the mercurial 
gage to the fame quantity of powder ; the prefTure of the 
generated flaid diminifhing as its denfity diminifhes. See 
Phil. Tranf. No. 295. 

The fame produd'lion likewife takes place, when gun- 
owder is fired in the air ; for if a fmall quantity of powder 
e placed in the upper part of a glafs tube, and the lower 
part of the tube be immerged in water, and the water be 
made to rife fo near the top, that only a fmall portion of air 
is left in that part where the gunpowder is placed ; if in 
this fituation the communication of the upper part of the 
tube with the external air be clofed, and the gunpowder bb 
fired (which may eafily be done by a burning-glafs) the 
water will, in this experiment, defeend on the explofion, as 
the quickfilver did in^ the laft, and will always continue de- 
prefled below the place at which it ftood before the explo- 
fion ; and the quantity of this depreflion will be greater, if 
the quantity of powder be increafed, or the diameter of the 
tube be diminiflied. From whence it is proved, that as well 
in air as in vacuum, the explofion of fired powder produces 
a permanent elaftic fluid. (Haukibee, Phyf. Meehan. Exp. 
p. IJ.) This rcleafe of real and elaftic air from various 
fubftances, in certain circumftanccs, is now a well known 
and inconteftible fad^« See Air. 

It alfo appears from experiment, that the elafticity or 
prelTure of the fluid produced by the firing of gunpowder, 
IS, cateris farihus^ diredtly as its denfity. This follows from 
hence, that if in the fame receiver a double quantity of 
powder be let fall, the mercury will fublidc twice as much 
as in the firing of a fingle quantity. For the vapour pro- 
duced from the double quantity, being contained in the 
fame i;^ceiver, will be of double the denfity of that pro- 
duced from the fingle quantity ; whence the elafticity or 
preflure, eftimated by the defeent of the mercury, being 
likewife double, the prefTure is direbtly as its denfity. Alio 
the defeents of the mercury, when equal quantities of pow- 
der are fired in different receivers, arc reciprocally as the 
capacities of thofe receivers 5 and, confequently, as the den- 
fity of the produced fluid in each. 

To determine the elafticity and quantity of this elaftic 
fluid, produced from the explofion of a given quantity of 
unpowder, Mr. Robins premifes, that the elafticity of this 
uid increafes by heat, and diminifhes by cold, in the fame 
manner as that of the air (a faft confirmed by fome later 
experiments of Mr. Dalton) ; and that the denfity of tliis 
fluid, and confequently its weight, is the fame with the 
weight of an eqiuil bulk of air, having the fame elafticity 
and the fame temperature. From thefe principles, and from 
the experiments by which they are eilablifhed, for a detail 
of which we tnuft refer to the book itfelf, fo often cited in 
thefe articles, be concludes that the fluid produced by the 
firing of gunpowder will be nearly T8 of the weight or the 
generating gunpowder ; and the ratio of the refpeclive bulks 
ef the powder, and the fluid produced from it, will be in 
round numbers, 1 to 244. 

. Count Saluce, in his Mifcell. Phil. Mathem. Soc. priv. 
Taurin. p. 125, makes the proportion as 1 to 222, which, 


GUNPOWDER 

he fays, agrees with the computation of Meflrs. Haukfl>ee,^ 
Amontons, and Belidor. 

Hence we are certain, that any quantity of powder fired 
in any confined fpace, which it adequately fills, exerts at 
the inftant of its explofion againft the fides of the veffel 
containing it, and the bodies it impels before it, a force 
at leaft 244 times greater than the elafticity of common 
air, or, which is the fame thing, than the prefTure of the 
atmofphere ; and this without confidering the great ad- 
dition which this force will receive from the violent degree 
of heat with which it is endued at that time ; the quan- 
tity of which augmentation is the next head of Mr. Robins’s 
enquiry. He determines that the elafticity of the air is 
augmented, when heated to the extremeft neat of red-hot 
iron, in the proportion of 796 to 1947 nearly ; and fup- 
pofing that the flame of fired gunpowder is not lefs hot 
than red-hot iron, and the elafticity of the air, and confe- 
quently of the fluid generated by the explofion, being aug- 
mented by the extremity of this heat in the ratio 01 194 § 
to 796, it follows, that if 244 be augmented in this ratio»»k 
the refulting number, which is 999 will determine how 
many times the elafticity of the flame of fired powder ex- 
ceeds the elafticity of common air, fuppofing it to be con- 
fined in the fame fpace which the powder filled before it was 
fired. 

Hence then the abfolute quantity of the prefTure exerted 
by gunpowder at the moment of its explofion, may be 
anigned ; for fince the fluid then generated has an elafti- 
city 999y, or, in round numbers, 1000 times greater tha» 
common air ; and fince common air, by its elafticity, exerts 
a prefTure on any given furface equal to the weight of the 
incumbent atmofphere, with which it is in equilibrio t 
the prefTure exerted by fired powder, before it has dilated 
itfelf, is 1000 times greater than the preffure of the at- 
mofphere, and, confequently, the quantity of this force 
on a furface of an inch fquare, amounts to above fix tun 
weight ; which force, however, diminifhes, as the fluid di- 
lates itfelf. 

Though it has here been fuppofed, that the heat of gun- 
powder, when fired in anv confiderable quantity, is the 
fame with iron heated to the extremity of a red heat, or 
to the beginning of a white heat, yet it cannot be doubted 
but that the fire produced in the explofion is fomewhat 
varied (like all other fires) by a greater or lefs quantity of 
fuel; and it may be prefumed, that according to the 
quantity of powder fired together, the flame may have all 
the different degrees from that of a languid red heat to the 
heat fufficient for the vitrification of metals ; but as the 
quantity of powder requifite for the prodiidtion of this laft 
mentioned heat is certainly greater tlian what is ever fired 
together for any military piirpofe, we ftiall not be far from 
our fcope, if we fuppofe the heat of fuch quantities as 
come more frequently in ufe to be, when fired, nearly the 
fame with the llrongeft heat of red-hot jron ; allowing 
a gradual augmentation to this heat in larger quantities, 
and diminifhing it when tlie quantities are very fmjJl. 
Prin. of Gunnery, in Robins’s Math. Tradls, vol. i. p. 59, 
&c. 

Gunpowder is fuppofed to explode at about 600° Fahr. 
but if lieatcd to a degree iuft below that of faint 
rednefs, the fulphur will moftly burn off, leaving the nitre 
and charcoal unaltered. 

We may obferve, that the variations of the denfity of 
the atmofpnere do not any way alter the adion of powder. 
By comparing feveral trials made at noon in the hottefh 
fummer mn, with thofe made in the frefhnefs of the morn- 
ing and the evening, no certaia difference could bfe per- 
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ccKx'd ; and it was the fame v 1th thofe made in the night 
aiid in winter. Indeed, coiifidcring that the fame quantity 
of that elallic fluid in which ihe force of powd*er confiils, 
is generated in a vacuum and in commou air, it is difficult 
to conceive how this force can be affcdled by the greater or 
lefs denfity of the atmofphcre. 

But the moiihire of the air has a very great influence on 
the force of powder ; for that quantity which in a dry fea- 
fon would communicate to a bullet the velocity of 1 700 feet 
in one fceond, will not in damp weather communicate a 
velocity of more than 12 or 1300 feet in u fecond, or even 
lefs, if the powder be bad and negligently kept. Robins's 
Math. Tradls, voL i. p. loi, 6cc. 

This agrees with an experiment made before a committee 
of the Royal Society, where powder having been dried by 
being put into a phial placed in boiling water, threw a ball 
out of a mortar tw ice as far as the fame quaiitily of powder 
taken out of the fame barrel before it was dried. 

Now the ranges under the fame circumllanccs of charge, 
elevation, &c. being as the fquarcs of the velocities of the 
ball, thefe velocities, in this experimlfiit, will be to each other 
nearly as 17 to 12, 'which give ranges as 2Sy to 144. Phil. 
Tranf. 465. p. 182, 183. 

If powder be damp, fliot made with equal quantities of it 
out of the (lime parcel, w'ill differ coiifidcrably from each 
other, perhaps ten times more than if the powder w'as in 
good order. A fmall charge feems to loiV a greater part 
of its force than a larger, each being equally damp. An- 
other circumllance attending damp powder is, a remarkable 
foulnefs ill the piece, after tiring, much beyond wdut arifes 
from an equal quantity of dry powder. 

That powder will imbibe moiihire from the air, and there- 
by increafe in weight, is certain, A parcel of very good 
powder being placed on a white paper, pierced with a great 
number of tine holes, and held over the Iteam of hot water, 
the powder in half a minute w^as increafed about in weight. 
Another parcel, continuing longer in the fleam, w^as increafed 
by ,‘4: part. That the moiihire of the atinoiphere has alike 
effett, appears from this, that an ounce of pow'der kept for 
fome time in a room having a lire in it every day, being 
dried before the fire, loll above ^ part of its weight t one 
third of which it regained in hfs than two hours by being 
removed to a part ot tlic room diflant from the fire. And 
as the air is often much moiflei than w'hcn this experiment 
was tried, and the open air is more muili than a room, with a 
fire, it cannot be doubted but that the twentieth or ttirtietli 
part of the fubllance of the befl pow'der is water. Now as 
a certain quantity of water mixed wiili powder will prevent 
its firing al all, it cannot be doubted but every degree of 
nioillure miifl abate the violtMice of the cxplofion ; and 
huice the cffedls of damp powder are not hard to account 
for. 

It is to bo obferved, that the moilliire imbibed by pow^- 
dcr does not render it lefs a(JIive when dried again. Indeed, 
if powder be expofed to the greatefl damps, without any 
caution, or if common falts abound in it, as often happens 
through negligence in refining the nitre, the moiflurc it im- 
bibes may, in fuch cafes, be perhaps fiifficient to diffolve 
fome part of the nitre, which is a lading damage that no 
drying can retrieve. But when tolerable care is taken in 
preferving pow^der, and the nitre it is compofed of has been 
well purged from common fait, it will retain its force much 
longer than is ufually fuppofed ; and it is faid that powder 
has been known to nave been preferved for fifty years, with- 
uut any apparent damage from its age. 

Some care is neceflary in the drying of damp guimowder j 

for tlierc is a degree of heat, which, though not fiifficient to 
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lire the powder, will yet melt the brimftone, and dell roT 
the texture of the grains. Nay, more, there is a heat wim 
which the brimflone will flame and burn away gradually, and 
et the powder will not explode ; of this any one may latisfy 
imfelf by heating a piece of iron red-hot, and then throw- 
ing a few grains of pov\ dcr on it at different intervals, dur- 
ing the time of its cooling ; for by this means he will find, 
that at a certain time the Tej^arate grains tjiat fall on the iron 
will not explode, but will burn with a fmall blue flame for 
fome fpace of lime, the grain dill remaining nneonfumed. 
Indeed, when it has begun lo burn in this manner, it fome- 
times ends with exploding ; but this more commonly happens 
when a number uf grains lie near together ; for then, though 
each feparatc flame is not fiifficient to explode its refpedive 
grain, yet the whole fire made by them altogether grows 
flrong enough at laft to end in a general explofion ; however, 
by attending to the proper temperature of the iron, and 
fpreading the grain, two or three inches fquarc may be co- 
vered with a blue lambent flame, >\hich will lafl a confidcr- 
able time without any explofion, and the grains afterwards 
will not apparently have lofl either their colour or their (hape. 
Now fiucc ihefe grains, when tlie brimflone is thus burnt pr 
even melted out of them, will no longer adi as powder ; it is 
evident that powder may be fpoiled by being dried with too 
violent a heat. Robins, iibi fupra, p. 104, &c. 

The velocity of expanfion of the flame of gunpowdei:, 
when fired in a piece of artillery, without either bullet or 
other body before it, is prodigious. By the experiments of 
the author fo often quoted, it feems this velocity cannot be^ 
much lefs than 70CO feet in a fecond. But M. Bcrnouilli 
and M. Euler fiifpedl that it is much greater ; and Dr. 
Hutton imagines that it cannot be lefs at the moment of ex- 
plofion than four times as much. This, however, mull be 
underflood of the moll adlivc part of the flame. For, as 
was obferved before, tlie elallic fluid, in which the adflivity 
of gunpowder conlifls, is only of the fuhflance of th« 
powder, the remaining w^ill, in the cxplofion, be mixed 
with the elallic part, and will by its weight retard the acti- 
vity of the explofion ; and yet they will be fo completely 
united, as to move w'ith one commou motion ; but the un- 
elalUc part will be lefs accelerated than the rdl, and fome of 
it wdll not be carried out of the barrel, as appears by the 
confidcrable quantity of unctuous matter, which adheres to 
the infide of all fire arms after they have been ufed. Thefe 
inequalities in the expaulive motion of the flame, render it 
impradicable to determine its velocity otherwife than from 
experiments The foundation of which determination is, that 
a barrel being fixed in a proper fituation on a pendulum, 
fuch as is deferibed under the head Guxnkry, and being 
charged with twelve penny-w^eight of powder, without either 
ball or wad, the pow der being only put together by the ram- 
mer ; on the dilcharge the pendulum afeended through an 
arch wdjofe chord was 10 or 10/ inches. 

Now if tile piece be again loaded with the fame (quantity 
of pow'der rammed down by a wad of tow', weighing one 
penny-weight, it may be fuppofed that this w^ad, being very 
light, will prefently acquire that velocity, w’ith wffiich the 
elallic part of the fluid will expand itfelf when uncom>- 
preffed; and it was accordingly found, that the chord of the 
afeending arch w'as by this means augmented to twelve 
inches ; fo that by the additional weight of one penny- 
weight of matter moving with the velocity, of the Iwiftell 
part of tlie vapour, the pendulum afeended through an arch 
whofe chord was two inches longer than before.^ And by 
calculating upon thefe fa6ls, and uie principles laid down in 
his book, Mr. Robins determines that the velocity with 
wliich thi$ one penny-weight of matter moved, muil be about 
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7300 feet in one fecond. It is this prodigious celcntjr of 
expauftorTof tilt flame of fired gunpowd^i which is its pe- 
culiar excelltnccy and the circumfiance in which it fo emi- 
nently furpafles all other inventions, either ancient or mo- 
dern, for the purpofe of military proiedlions : for as to the 
quantity of motion of thefe projcdtiies only, n^y of the 
warlike machines of the ancients produced this in a denee 
far furpafling that of our heaviefl caniion-fiiot or (hells ; out 
the great celerity given to thefe bodies cannot be in the leaft 
approached by any other means than by the flame of pow- 
der. T!ie reafon of this difference is, that the ancients could 
by weiglits, or the elafticity of fprings and ftretched chords, 
augment clicir powers to any degree defired ; but then each 
addition of* power brought with it a proportional addition 
of matter to be moved ; fo that as the power increafed, 
thofe parts of the machine which were to communicate mo- 
tion to the projeftile, and were confequently to move with 
it, were like wife increafed; and thence it necelUurily happened, 
that the action of the power was not folely employed in giv- 
ing motion to the impelled body, but much the greateft part 
ot it was fpent in accelerating thofe parts of the machine in 
which the power refided, to enable them to purfue the body 
to be proje^led with perpetual impulfe, during its whole 
paffage through the extent of their adtivity. Hence then it 
came to pafs, that, though thefe ancient machines could 
throw enormous weights, ttiey could projeA them but with 
fmall degrees of celerity, compared with what we can com- 
municate to our cannon and mufket-(hot ; whence in all ope- 
rations, where thefe great velocities are ufcful, our machines 
are infinitely fuperior to thofe of antiquity ; although, in 
more confined and (horter projections, thefe laff have fome 
advantage, which may yet render them worthy of the atten- 
tion of thofe military geniufes, who have capacity enough 
to confider each part of the profeflion according to its true 
and genuine value, independent of the partial effknation of 
the times they live in. Ibid. p. 1 1 2. 

There are feveral ways of proving the goodnefs of gun- 
powder. I. By fight ; for if it be too mack, it is too 
moiff, or has too much charcoal in it ; fo alfo if rubbed 
upon white paper, it blackens it more than good powder 
does : but if it be of a kind of azure colour, fomewhat 
inclining to red, it is a fign of good powder, a. By 
touching ; for if in cruihing it with your fingers* ends, the 
grains break eafily, and turn into duff, without feeling hard, 
It has too much charcoal in it ; or if in piffling under your 
fingers upon a fmooth hard board, fome grains feel harder 
than the reft, or, as it were, dent your fingers’ ends, the ful- 
phur id not well mixed with the nitre, and the powder is bad. 
And alfo by thrufting the hand into a parcel of powder, and 
grafping it, as if you were about to take a handful of it, 
you may feel if it be dij and eoually grained, by its evad- 
ing the grafp, and running moftly out of the hand. 3. By 
burning, in which method little he^s of powder are laid on 
white paper three inches or more alunder, and ono of them 
fired ; which, if it only fires all away, and that fuddenly, 
and almoft imperceptibly, without firing the reft, and makes 
a fmall thundering noife, and a white fmoke arifes in the air 
ahnoft hke a circle, the powder is good ; if it leaves black 
marks, it has too mtich charcoal, or is not well burnt : if it 
leaves a greafinefs, the fulphur or nitre are not well cleanfed 
or ordered. Again, if two or three corns be laid on paper 
an inch diftant, and fire be put to one of them, and they all 
fire at once, leaving no fign behind, but a white finoky 
colour in the place, and the paper not touched, the powder 
is good. So alfo iff fired in a man's hand, and it bums not $ 
but if black knots appear, which bum downwards in the 
place where proof was made, after firing, it ia. not ftrong 
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enough, but wants nitre. The metfibff moil eomme^f 
followed for tliii purpofe with us, fays Mr. Robins, is to 
fire a fmall heap of it on a clean board, and to atttod nicely 
to the flame and fmoke it produces, as li^ewife to the marks 
it leaves behind on the table; from all which inftruAive 
particulars the merit of the powder i^ afeertained with great 
Sccuracy, as is pretended : but befides this uncertain me- 
thod, which how much foever it may be pradtifed, none wiK 
undertake ferioufly to defend, there are, on particular occa-^ 
fions, other contrivances made ufe of, all which bear fome 
analogy to the common powder-triers, fold at the (hops 3 
only mey are more artfully fabricated, and inftead of a fpmg 
they move a weight, which is a more certain and equu 
power. 

Another method of proving gunpowder^ is to take out of 
feveral barrels a meafure, of about the fize of a thimble, 
which is fpreadupon a (beet of fine writing paper, and thea 
fired ; if the inflammation is very rapid, the fmoke rifes per- 
pendicularly, and the paper is neither burnt nor fpotted, 
the powder is judged to be good : then two drams of the 
fame powder, being exa6kly weighed, are put httO a ma- 
chine, called eprouvette or gunpowder prover, which, if it 
raifes a weight of 241b- to Uie height of 3^ inches, it is al- 
lowed to be good. 

But thefe machines, fays Mr. Robins, though more per- 
fedl than the common powder-triers, are yet li^le to great 
irregularities ; for as they are all moved by the iriftantancou* 
ftroke of the flame, and not by ks continued preffure, they 
do not determine the force of the fired powder with that cer- 
tainty and uniformity which were to be defired in thefe kinds 
of trials: and therefore, the method followed by the 
French, in the receiving of powders from the makers, feema 
to be much better. Their praftice is thus t 

They have, in each magazine, a fmall xnortarcalE witfiits> 
bed, accor^og to a determined pattern, which, is the fame 
throughout the kingdom : this mortar is always pointed at* 
^5^, and it contains juft three ounces of powder ; and it is a. 
(landing maxim, that no powder can be received into their 
ftores, unlefs three ounces of it, placed in the chamber of 
this mortar, throw a fdlid ball of 7^ inches diameter to the 
diftance of at leaft 55 French fathom. But if each barrelof 
powder was to be proved in this manner, the trouble of 
changing the mortar, &c. would be intolerable, and the 
deW fo great, that no biifinefs of this kind could ever be 
finilhed. The method by firing againft a pendulum, in the 
manner mentioned under the head Uunnery, feems a. readier 
way ; but ftill it requires fome nicety and time, which it were 
to be wifhed could be obviated.. (Robins’s Mathemat.. 
Traifts, vol. i. p. 1 2 1.) Dr. Hutton has contrived a ma- 
chine for this purpofe, which has feveral advantages peculiar 
to itfelf. It is a fmall cannon, the bore of which is about 
one inch in diameter, and it is ufually charged with twa 
ounces of powder, and with powder only, as a Dali' is not ne- 
ceffary, and the ftrength of the powder is accurately fhewo. 
by the arc of the gun’s recoil. The whole- machine is. foi 
fimple, eafy, and expeditious iaks ufe, that the weighhig o£ 
the powder is the chief part of the trouble ; and it is alS> fa 
accurate and uniform, that the fucceilive repetitions^ or 
firings with the fame quantity of the fame foct of powder, 
hardly ever yield a difference m the recoil of the ac^th past 
of itlelf. 

Count Rumford* (fee Phil. Tsanf. voL lxxi.)v Havbg 
poinud'out the infufficiency and the defeAs of the eprouvettesi 
or powder triers, ia commoa ufe, recommends, ior proving 
the goodnefs and ftrength of powd^, the following method t 
A quantity of pow& being provided, which, from any 
previous exaodnation or trial, is knovm to be of apropos 
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degree of ftrength to fervc as a ftandaid for the proof of 
other powder» a mven charge of it is to be fired, with a fit 
bullet, in a barrel fufpended by two pendulous rods, (ac- 
cording to the method which the author had previoufly 
deferibed in tlic fame paper,) and the recoil is to be care- 
fully meafiired upon the ribbon. When this experiment has 
been fufficiently repeated, the mean and the extremes of the 
chords may be marked upon the ribbon by black lines drawn 
acrofs it, and the word froof may be written upon the mid- 
dle line ; or if the recoil is uniform, then the proof mark is to 
be made in that part of the ribbon to which it was conilantlv 
drawn out by the recoil in the different trials. The recoil, 
with a known charge of ftandard powder, being thus afccr- 
tained, and marked upon the ribbon, let an equal quantity 
of any other pow'der, f that is to be proved, ) be fired in the 
fame barrel, with a bullet of tlie fame weight ; every other 
circumftance being alike j and if the ribbon is drawn out as 
far, or farther than the proof-mark, the powder is as good, 
or better than the ftandard ; but if it falls fliort ot that 
diftance, it is worfe than the ftandard, and to be ri« 
j|e£led. For the greater the velocity is with which the bullet 
is impelled, the greater will be the recoil ; and when the 
recoil is the fame, the velocities of the bullets are equal, and 
the powder is of the fame degree of ftrength, if the quantity 
of the charge is die fame. And if care is uken in propor- 
tioning the charge to the weight of the bullet, to come as 
near as pofliblc to the medium proportion that obtains in 
pra&ice, the determination of the goodnefs of gunpowder 
from the refult of this experiment cannot fail to hold good 
in adual feryicc. The Author has deicribed his apparatus, 
and illulirated the conftru^tioo and life of it by appropriate 
figures. Since the charges with the fame kind of powder 
are as the fquares of the velocities of difeharged bullets, the 
charge of the weaker powder inuft be to that of the ftrongcr, 
when the velocities are equal, as V V to V denoting 
the velocity of the bullet with the ftronger powder, and v the 
velocity with the weaker, when the charges are equal, and 
the weight and dimenfions of die bullet are the fame, and 
when they are difeharged from the fame piece. The^weakcr 
powder ther.eforc is as much worfe than the ftronger as V V 
is greater thaa vv\ or die comparative goodnefs of pow- 
der, of different degrees of ftrength, is as the (quares of 
the velocities of the bullets when the charges are equal. 
The author, eftimating the comparative goodnefs of fi^veni- 
ment powder with that of double proof battle powder (fee 
Battle), found, by the medium of feveral trials, that 
double proof battle powder is better than government pow'- 
der in the proportion of 1.2036 to 1, or nearly of 6 to j. But 
if in Head of weighing the powder, we eftimate the quantity 
of the charge by meafurement, or die fpacc it occupies in tlie 
bore of the piece, the comparative ftrength of battle powder 
will appear to be confiderably greater, or its ftrength will 
be to that of government powder nearly as 4 is to 3 ; for 
the grains of this better kind of powder being more coinpad 
and nearly of a fpherital form, a greater weight of it will 
lie in .any given fpace than of government powder, which is 
formed more loofely, and o? various and very irregular 
figures. Now die common price of double pn)of battle 
powder, as it is fold by the wholefale dealers in that 
commodity » is at the rate of 10/. per cwt. net, >vhich 
is jaft two Ihillings per pound ; while government powder 
is f(dd at 5/ S* or is» and of a penny per 

t ound ; but bustle powder is better than government pow- 
der iJuly in the proportion of 1.2036 to 1, or of is. 2d, to is. 

9 battle powder is therefore fold at the rate of icd. Vf^ 
lb., or 41 fftr cent* dearer than it ought to be f or thofc 
who make ule dt* i\ h preference to govenimewt powder, do 
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it at a certain lofs of 41} /ff onL of the money that the 
powder cofts them. 

Gunpowder is a commodity of fuch confequence, both 
in refpeft of fpeculation, of war, and of commerce (the 
confumption thereof being incredible), that it will deferre 
a more particular detail. To make gunpowder duly then, 
regard is to be had, that the falt-petre be pure, and in fine 
large cryftals or (bootings ; otherwife, it is to be purified, 
by taking away its fixed or common (alt, and earthy part, 
thus : dilfolve ten pounds of nitre in a fuificient quantity 
of fair water ; fettle, filtrate, and evaporate it in a glazed 
veflel, to the diminution of half, or till a pellicle appear on 
it ; the vefTel may then be taken off from the fire, and feC 
in a cellar : in twenty-four hours the cryftals will (hoot, 
which (eparate from the liquor ; and after the like manner 
may the liquor be cryftallized feveral times, till all the 
fait be drawn forth ; this done, put it into a kettle, and 
that on a furnace with a moderate fire, which gradually in- 
creafe till it begins to fmoke, evaporate, lofe itli humidity, 
and grow very white : it muft be kept continually ftirring 
wdth a ladle, for fear it (hould return to its former figure, 
w'hereby its grcafinefs will be taken away ; after that, U 
much water is to be poured into the kettle as w^ill cover the 
nitre ; and when it is diflblvcd, and reduced to the confiftencf 
of a thick liquor, it muft be ftirred with a ladle without iu- 
termiflion, till all the moiihirc is again evaporated, and it be 
reduced to a dry and white meal. See the fequel of this 
article, and Nithat of Potq/b. 

The like regard is to be liad to the fulphur, choofing 
that which is in large lumps, clear and perfedlly yellow ; 
not very hard, nor compact, but porous ; nor yet too much 
(hilling ; and if, when fet on fire, it freely burns away all, 
leaving little or no refident matter, it is a (ign of its good- 
nefs ; ib likew'ife, if it be prefled between tw^o iron plates 
that are hot enoiigli to make it run, and in tlie running 
appear yellow, and that which remains of a reddi(h colour, 
it may be concluded to be fit for the piirpofe. But in cafe 
the fame be foul and impure, it may be purified in this 
manner : melt the fulphur in a large iron ladle, or pot, over 
a very gentle coal fire, well kindled, hut not flaming } then 
feum oft all that rifes on the top, and fwims upon the ful- 
phur ; take it prefently after from the fire, and drain it 
through a double linen cloth, letting it pafs at leifure ; fo 
will it be pure, the gprofs filthy matter remaining behind in 
the cloth. See Sulphur, and fequel of the article. 

For the charcoal; the third ingredient, fuch (hould be 
chofen as is large, clear, and free from knots, well burnt 
and cleaving. See Charcoal. 

• The charcoal of light woods has been generally employed ; 
but M. Beaunne affirms, from experience, that the charcuals 
of heavy and hard w^oods, if they have been well made, are 
as fit for the purpefe. The charcoal not only concurs 
with the fulphur in fupplying the inflammable matter, 
w^hich caufes the detonation of the nitre, but alfo cunfider- 
ably adds to the eJtplofive power of the detonating nitre, by 
the quantity of claftic Vapour expelled during its combuf- 
tion. 

Gunpowder being a mixture of fulphur and charcoal, 
which are very iimaminable fubftancas, with falt-pctr^i 
which in itfelf is not, if the falt-petre be too much in quan- 
tity! when compared with the other two, their burning may 
not be fufficient to confume the whole of the falt-pctre ; 
whence the lire may be lefs violent, and confequently the 
pow'der kfs vigorous, than if fome of the falt-petre was taken 
away, and a like quantity of the other materials were added 
in its ftcail. On the other hand, if the falt-petre in the com- 
pofition beliefs than w'hat the burning of the other twp.fub- 
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flanees can cafily ccnfume, the ftre will be Icfs a6^ive than it 
ought to be, becaufe it is not augmented fo much as it would 
be if a larger quantity of falt-petre had been added to the 
compofition. 

Hence it appears, that the goodnefs of powder is not to be 
edimated only from the quantity of falt-petre contained in 
it, altliough that fubltance feems to be the balls of the elallic 
fluid, in which its force coiiliih : for fince the converting of 
Uie falt-petre into that fluid, and the elaliicity of the fluid, 
.alterwards, depend in fome meafure on the violence of tlie 
Are produced at the explofion, it is plain that there is a cer- 
tain proportion in the mixture of the materials, which will 
bell contribute to this purpofe, and confequently to the 
perfedlioii of tl»e powder. 

What this proportion is, has been afeertained by expe- 
rience ; and it feems to be generally agreed, that in any 
quantity of powder, three-fourths of it mould be falt-petre, 
tlie reinatniiig oMC-fourth confilling of equal quantities of 
fulphur and charcoal. This is the proportion followed by 
the French, and by moll nations in Europe : we, indeed, 
pretend to a greater degree of nicety in our proportions ; 
tJiougli, it is laid, they do not greatly differ from what is 
here mentioned ; nor is it certain that they are preferable : 
this, however, may be depended on, that no methods of 
proving po»\der, hitherto generally pradlifed in England, 
could at all afeertain the difference ; and other powders 
made with the ufual proportion, are nothing inferior to 
our’ 8. 

But it is not the due proportion of the materials only 
which is necefl'ary to the making of good powder ; another 
circumffaiicc, not lefs effential, is the mixing of them well 
together; if this be not effedually done, fome parts of the 
compofitiun will have too much falt-petre in them, and 
others too little ; and in either cafe there will be a lofs of 
llreiigth in the powder. Robins, ubi fupra, p. 119, 8 cc, 

The adlual mode of making gunpowder has been deferibed 
in a very fatisfadlory manner by Mr. Coleman, of the royal 
powder mills of Witham Abbey, in the 9th volume of the 
Philofophical Magazine, and cited in, Aikin’s diflionary. 
The ingredients are taken in the proportions of 75 of falt- 
petre, 15 of charcoal, and 10 of fulphur. The falt-petre 
is almod wholly that which is brouglit from the Eaft Indies, 
and is refined by folutlon, evaporation, and cryflallization. 
(See Nituat of Potajh.) It is then fufed in a moderate 
heat, fo as to expel the water, but none of the acid. By 
refining, the falt-petre is freed from thofe deliquefeent falls, 
-which would render it damp by keeping, and thus materially 
deteriorate it. The fulphur is fuch as is imported from 
Italy and Sicily, which is refined by melting and Ikimming, 
and if it be impure, by fublimatioii. The Englilh fulphur 
requires expenfive procefles for purification, wdiich exclude it 
from our manufaflures of gunpowder. The charcoal for- 
merly ufed ill this maniifafture near London, and which is 
Hill ufed in many parts of the world, was prepared in tJie 
lifual mode of charring wood, by forming piles of it, cover- 
ing it with fods or fern, and allowing it to burn with a flow 
fmothcring flame. But an improvement has been introduced, 
which ferves, in a great degree, to conftitute the fuperior 
excellence of Englifli powder. The wood is cut into billets, 
about nine inches long and inclofed in iron cylinders, placed 
horizontally ; and thus burnt gi'adually to a red heat, 
the* fire being continued till the volatile parts are completely 
expelled, and the wood is thus completely cliarrcd. The 
pyroligneous acid is, however, preferved for ufc, by colle^- 
ing it in pipes, that pafs out of the iron cylinder and dip 
into calks, in which the acid liquor condenfes. This acid 
is ufed in calico-printing, chiefly as tlie bafis of fome of the 
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iron liquors, and mordants for dark-coloured patterns* 
The wood, which, previoufly to charring, is barked, is 
generally either aider or willow, or dog-wood : but tlie 
difference of wood is faid to be of no effential import- 
ance, provided that it be perfeAly charred. The three 
ingredients above deferibed, being duly prepared, are 
firil feparately ground into fine powder, then mixed in the 
requifite proportions, and afterwards committed to the mill 
for the thorough incorporation of their component parts. 
The powder-mill is a flight wooden building, with a 
boarded, roof, fo that in cafe of a moderate ex|nofioti, the 
roof may fly off without difficulty, and in the lead injurious 
diredlioti. Stamping-milb, which were formerly ufed, have 
been moilly fel afide in our pivfeul manufadtures, on account 
of the danger of over-heating, and the accidents attending 
it ; and the bufinefs is now performed by two ffones plac»^cl 
vertically, and running on a bed-itone, or trough. About 
40 or 50 pounds of the mixed mafs are laid upon thi» 
bed-ffone, and nioiltcncd with water fufficient to reduce 
it, in the procefs of grinding, to a conlillence conlidcrably 
lliffer than pallc, which experience afeertains to be the rriolt 
eligible. The nulls are worked citlier by water or horfe^. 
The compofition, thus formed, is worked for about feven or 
eight hours, at leaft, in older to thoroughly incorporate and 
intermix the feveral ingredients, on which the quality of the 
powder very materially depends. The fine powder manu- 
tadlured at Battle, in Suflex, is Hill worked in large mortars, 
or llamping-inills, with heavy pefllcs of lignum vitie ; 
but only a few pounds of th(‘ mais arc wrought at a time. 
The next operation is that of Corning,’* or graining ; for 
which purpofe it is fent to the ** Corning-houfe.** In this 
operation, which, however, is not efl’enlial to the manufac- 
ture of perfetl gunpowder, and is only performed on ac- 
count of tlie convenience of ufing it in grains rather than 
fine duff, the 11 iff paffc is lirff preffed into hard lumps, and 
thefe are put into circular fieves with parchment bottoms, 
perforated with holes of different fizes, and fixed in a frame 
coni)e<^ed with a horizontal wheel. Each of thefe fieves is 
alfo furnifhed with a “ runner,** or oblate fpheroid of lignum 
vitae, which, being fet in motion by the adlion of the wheel, 
fqueezes the palle through the holes of the parchment bottoni, 
forming grains of different fizes. The grains are then forted, 
and feparated from the dull by fieves of progreflive dimen - 
fions. The grains are next “ glazed,** or hardened, and 
their rough edges taken off, by putting them into calks fome- 
what more than half full, which are fixed to the axis of a 
water-wlicelv and by rapidly revolving, they are fliakcn 
againll each other and rounded, and at the fame time they 
receive a flight glofs or glazing. In this procefs much dull 
is feparated from the grains. 

Tlie glazing is found to leffen the force of the powder 
from a fifth to a fourth (fee Irilh Tranf. ubi fupra); but it 
feryes to preferve the powder from being injured by damp. 
When the powder has been corned, duffed, and glazed, it 
is dried in the “ ffove-houfe,*’ where great care fliould be 
taken lo avoid explofion. The ftove-houfe is a fquare apart- 
ment, three lides of which arc furnifhed with ihelves or 
calcs, on proper fupports, arranged round the room, and 
tlie fourth contains a large caff-iron veffcl, called a ” gloom,** 
which projeds into the room, and is heated from th^ out- 
fide, fo that no part of the fuel may touch the powder. 
For greater fecurity againff Ibarks by accidental fridion, 
the ^ooms are covered with meet copper, and are alw^ays 
cool when the pow der is put . in or taken out f>f the room. 
Here the grains are thoroughly dried, lofing in the procef* 
what remains of the water added to tlie mixunc m the mill, 
for bringing it Jto a working ffiftiiefs. 'rhi> iofs ^^r. Cole* 
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man finds to be from three to five parts on loo of the com- 
poCtion. The manufafture of the powder, when it is dry, 
18 completed. The, government powder for all forts of 
ordnance, as well as for fmiill arms, is ufually made at the fame 
time, and always of the fame compofition ; the diffprcnce 
confi fling only in the fizeof the grains, as they are feparated 
by the refpedivc fieves. A method of drying powder by 
fteam-jpipes, running round and eroding the apartment, has 
been fuccefsfully tried ; and thus the polfibility of any in- 
jurious accident from over-heating is prevented. The tern- 
perature of the room, when heated in the common way by 
a gloorn-ftove, is always regulated by a thermometer hung 
in the door of the doves. 

The powder fliould not be dried too hadily, or wnth too 
great heat ; for in this cafe fome of the fulphur fublimes out, 
(which it will do at a lefs heat than that which will inflame 
the powder,) and then the intimate mixture of the ingre- 
dients will be dedroyed : and befidos, the furface of the 
grain is hardened whild the inner part is left damp. 

Mr. Coleman deduces from experiment tlie following in- 
ferences : viz. “ that the ingredients of gun-powder only 
pulverized and mixed have but a very Imall explofivc force : 
that gunpowder granulated after having been only a diort 
time in the mill, has acquired only a very fmall portion of 
its drength, fo that its perfedlion abfolutely depends on very 
long continued and accurate mixture, and incorporation of 
the ingredients : — that the drength of gunpowder does not 
depend on granulation, the dud that leparates during this 
procefs being as drong as the clean grains : — that powder 
undried is weaker in cvey dep of the manufadure than when 
dried ; — and ladly, that charcoal made in iron-cylinders, in 
the way already menlioned, makes much dronger powder 
than common charcoal. This lad circumdance is of fo 
much confequcnce, and is fo fully confirmed by experience, 
that the charges of powder now ufed for cannon of all kinds, 
have been reduced one-third in quantity, when this kind of 
powder is employed.’’ The barrelling of powder is ufually 
referved for dry weather, as it is of great importance to 
avoid moidure. 

Count Rumford (fee Phil. Tranf. vol. Ixxi. pt j.) pur- 
fued the following method for determining the fpecific 
gravity of gunpowder. A large gbfs bucket, with a nar- 
row mouth, bchig fufpended to one of the arms of a very 
nice balance, and exadlly counterpoifed by weights put in the 
oppofite fcale, was filled fird with government powder 
pointed in lightly, then with the fame powder fiiak^ well 
together, afterwards with powder and v/ater together, 
and ladly with water alone, and in each cafe the contents of 
the bucket were very exaAly weighed. The fpecific gra- 
vity of gunpowder determined by thefe experiments is as 
follows : 

Specific gravity of rain-water - - i.coo 

Government powder, as it lies light in a heap, 7 ^ 

mixed with air - - - S ^ 

Government powder, well diaken together - 0.937 

The folid fubdance of the powder - - ^*745 

Hence it appears, that a cubic inch of government powder 
diaken w^ell together weighs jud 243 grains ; that a cubic 
inch of folid powder ^ould weigh 442 grains ; and con- 
fequently, that the intcrdices between the particles of the 
powder, as it is grained for ufe, are nearly as great as the 
Spaces which thefe particles occupy. In his ** EfTays” the 
fume ingenious philofopher eftimates the fpecific gravity of 
gunpowder to be about 1.868. 

To recover damaged pow'der, the method of the powder 
xnerct^nts is this ; they put part of the powder on a faih* 
cloth, to which they add an equal weight of what is rcaUy 
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^ood ; and with a /hovel mingle it welt togetlier, dry it 
in the fun, and barrel it up, keeping it in a dry and pro* 
per place. 

Others again, if it be very bad, redore it by moiden* 
ing it with vinegar, water, urine, or brandy ; then they 
beat it fine, fearce it, ?nd to every pound of powder add 
an ounce, an ounce and an half, or two ounces (according 
as it is decayed) of melted falt-petre ; and afterwards the/e 
ingredients are to be moidened and mixed well, fo that 
nothing may be difeerned in the compofition ; which may be 
known by cutting the mafs, and then they granulate it as 
aforefaid. 

In cafe the powder be in a manner quite fpoiled, the only 
way is to extract the falt-petre with water, according to the 
iifual manner, by boiling, filtrating, evaporating, and cryf- 
tallizing; and then, with fre/h fulphur and charcoal, to make 
it up anew again. 

Gunpowder, Laws rclatiug to. By an adl made in the 
16C. I. c. 21, all fubjedta may make and fell gunpowder, 
and bring into tlie kingdom lalt-petre, brimdonc, or any 
other material for the making of it. The creation of powder- 
mills, or the keeping of povvder-magazincs near a to^vn, is 
a nuifance by the common law ; for which an indiftment or 
information will lie. By 12 G. III. c. 61, which reduces 
into one all former ads relating to the making, keeping, and 
carrying of gunpowder, no perfon /hall ufe any mill of 
other engine for the making of gunpowder, in any place 
except in mills and other places where the manufaduring of 
gunpowder /hall be adually carrying on at the time of 
the commencement of this ad, or where it /hall after- 
wards become lawful to carry on fuch manufadurc by 
licence for that purpofe ; on pain of forfeiting all gun- 
powder otherwife inanufadured 5 and is. for each poond. 
Nor under the fame penalty /hall any perfon, for the making 
of gunpowder, ufe any mill or engine worked with a pellle, 
commonly called a ** Peftle-mill nor in any mill or en- 
gine make at any one time, under any fingle pair of milhftoiies, 
any quantity of gunpowder, or materials to be made into 
gunpowder, exceeding 40/1^ ; on pain of forfeiting all above 
40/^., and alfo 2J. for each pounu. This ad does not ex- 
tend to the powder-mills then ereded in the pari/hes of 
Battle, Crowhurll, Seddlecombe, and Brede, in the coun- 
ty of Suflex, fo far as relates to the making of fiich fine 
fowling gunpowder only, as is known by the name of Bat- 
tle powder.’ ' No perfon /hall dry at any one time, in any 
one /love, &c. any quantity exceeding 40 cwt. on pain of 
forfeiting all above that weight, and zs.per pound. No per- 
fon ihall keep in any coming-houfe, drying-houfe, dufting- 
houfe, or other place ufed in the making of gunpowder, or in 
any adjoining building, (except magazinesor ftore-houfes con- 
/Iruded with ftone or brick, and lituated, at leaft, 50 yards 
from the gunpowder mill,) any greater quantity of gim- 
powder than /hall be necc/Tary for the work then carrying on 
in fuch houfe or other place; on pain of forfeiting all the gun- 
powder above fuch nece/Tary quantity, and 2 s. for each 
pound. Manufadurers of gunpowder are to provid'*, befides 
the magazines and flore-houfcs near their mills, a good and 
fufficient magazine remote from their refpedive mills, for 
the purpofe of receiving and keeping all the gunpowder 
made at fuch mills, which magazine ihdl be built with brick 
or ftone, near the river Thames, and below Black wall, or 
in fome other convenient place to be licenfed by the juftices; 
on pain of forfeiture of 25/. for every month, during which 
gunpowder /hall* be made without fuch magazine, and 5/, 
lor every day during which they (hall ncgled to remove, 
with due diligence, the gunpowder made at fuch mill or 
adjoining hxagazine to tha magazine fo fituated remote 
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TrOm the mill. Every maker of gunpowder, who (hall 
keep any charcoal within 20 yards of any miu or engine 
for the making of gunpowder, or of any drying, com- 
ing, or dufting-houfe, or any adjoining magazine or (lore- 
houte belonging to it, (hall forfeit 5/. for every week 
during which mch charcoal (hall be fo kept. No per- 
fon, being a dealer in gunpowder, (hall keep at any one 
time more than icx^, of gunpowder, and, not being a 
^aler, more than 50/}. in any houfe, fcc. withip the 
cities of London or Weftminfter, or within three miles 
of either of them ; or within any other city, borough, or 
market town, or one mile thereof ; or within two mues of 
any of the king's palaces, or any of the king’s magazines $ 
or half a mile of any parifh church ; or in any other part of 
Great Britain, except in mills oro^er places which, at the 
commencement of this ad, (hall be uled for, the making 
of gunpowder; on pain of forfeiting all the gunpowder 
above the quantity allowed to be kept, and tm barrels, 
and alfo it. for cver^ pound beyond the allowed quan- 
tity: provided that it mall be lawful for any perfon to 
keep, for the ufe of any mine or colliery, any quantity, 
not exceeding 300 / 4 r. in any magazine or warehoufe with- 
in 200 yards of fuch mine or colliery. However, it 
( hall be lawful for the juftices in feflions, from time to time, 
to licenle the ereding or having fuch mills and offices, or 
fuch magazines for keeping unlimited quantities of gun- 
powder in places, not being within London or Weftminfter, 
or any limits before defermed ; and the juftices, upon due 
application, and by due procefs of law, which the ad ftates, 
may be ordered by the court of king’s bench to grant fuch 
licenfe. No perfon (hall carry at any one time more than 
25 barrels of gunpowder in any waggon, cart, or other car- 
riage by land ; or more than 200 barrels in any boat, barge, 
or velTel by water,except in velTeis for importation or exporta- 
tion ; and the barrels (hall be fo fecured that no part of the gun- 
powder flail be fcattered in the palTage ; and each barrel mall 
contain no more than 106&. of gunpowder ; and when con- 
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veyed by land .(hall be entirely clofed in a leathern bag, or 
bags commonly called faltpetre bag; and every carriage 
(hw be covered with a complete covering of wood, painted 
oloth, tarpaulin, &c. ; and no gunponrder (hall be carried in 
any W, &c. that Wh not a clofe deck, which (hidibe 
covered with raw hides or tarpaulins ; on pain of forfeiture 
of the gunpowder and barreu, &c. which anv pesdon may 
feize for Ms own ufe on convidion of the offender. ' Juftices 
are empowered , to iffue warrants for fearching, in the ^y 
time, any houfe, mill, magazine, &c. or any carriage, (hip, 
boat, &c. in which gunpowder it fufpeded to be mam, 
kept, or carried, contrary to tMs qd ; and the fearcher may 
feize fuch.ranpowdcr and barrels. For fecurity of (hips on 
the river Thames, no, mafter of any outward bound veffel 
(hall receive on board more than 23/k of gunpowder (except 
for the king’s fervice) before the arrival of fuch veffel at or 
below Bla^wall; and the mafter of every veifel cbming 
into the river Thames (hall (except in cafe of tl)e king's 
fervipe) put on (hore in proper places all the gunpow- 
der on board above 25II., either before the arrival of fuch 
veffel at Blackwall, or within 24 hours; op pain of fprfeit- 
ing all the gunpowder above 25 pounds and barrels, and it 
for every pound. The provilions of this ad (hall not extend to 
any mills or other buildings ere£ted fur making gunpowder 
m any lands belonging to his majefty, or to the keeping of 
'gunpowder in any of his majefty 's ftbre-hoiifes or magazines; 
or tq binder the trial of gunpo.wder by Ms majefty ’s officers; 
or.fo.the carriage of gunpo.wder to or from the king's ma- 
gazines ; under a fpecial order from the board of ordnance ; 
or to the carriage of gunpowder with forces on their march, 

or with the militia during their annual exercife, or wliicb 
(hall be font for the ufe 01 fuch forces and militia. * 
Gunpowder, in jigricultun, a material employed by the 
farmer for the purpofc of blafting Hones, &c. It has been- 
lately found that the expence of this fubftance may be 
g^tly leffened by the mixing of a portion of quick lime 
with it. See Blastino. 
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HAMMER, an inltMiment of iron, with a haadk ot 
wood; ufed, in moft mechanic arts, to beat, ftretch, 
drive, &c. Bodies capable of being ftretched of extended 
under the hammer, are faid to be mlleable. 

The Latins call it malkut, anciently mrtttlns or mmutta ; 
by which name Pliny calls it when he &ysthat Cyntra. fon 
of Agrippa, invented the hammer and pincers, nift. Nat. 
lib. vu. cap. 56. Vide Hardouin. Not. ad loc. 

The hammers of our great forges are moved or worked 
by a water-mill. 

Hammer, in the Maiugt, See SHOBiNa-&MNnrr« 

Hammer of a Cloci. See Clock. 

Hammer, in Anatomy, See Malleus and Ear. 

HammsrhMti/ Jbark . See Shark. 

Hammer, Tdlaou, in Onutbdegy. See Embbriza Citn- 

HjMMii-hardeaal, in JwkiSwy, is laid of iron which is 
ihort or brittle, owing to its having been hammered when 
in a warm or due red heat, which is fuppofed to clofe its 
pores. Hammer-hardened iron, by being heated to a white 
fint, and fuffered to cool gnuiually, again recovers its 
ioughntfs. See Hardeniho. 

mMMXR-mfli, or Driven, in Mbungt «re thofe colliers 


who fall or wedge down the coals in a coal-pit, after the 
holers have undermined them, the procefles of which are 
defcribed in Mr. Faaey’s Report on Derbyfhire, vol. i. 

HAMMER>))ui&, or Forget, in the Iren MmufaSm, are 
works in which very large tilt and forge hammers, worked 
by water-wheels or by Ream engines, are ufed for working 
the iron, and ^wing it out into bars. Smaller hammers 
of the fame kind arc ufed now for forgine the articles of 
various manufiifturesi in the fcythe taftoriei, thefe arr 
called Ikelpers, and are very common in the neighbourhood of 
ShefBeld. The hammer-mill ufed by Mr. George .Wplby, 
trowel-maker of Gofwell-llreet, it on a very curious eon- 
ftruAion ; a neiy and defcription of which may be feen in 
the Tranfaftions of the Society of Arts, voL xxii. page 

AMMER-ptri,. in Jt/Timg , » a ftrong pick with a hammer 
at one e^, almoft like that ufed by paviort, which is ufed. 
in coal-pits, by the remblers, or collicrt, who break .the 
coals into fizaUe lum^ after they are fallen by the ham- 
nerHuen, ready for vut barriers, or thofe who drag them to 
the (1^ Imttom, The whole procefs of srorking coib il 
defcnbed n Mr. Farcy’s Report on Deihyfhire, v5. i. 
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HARDENING, the ad of communicating a greater fince tl>e waters retraded, as alone fufficient to account 
degree of hardnefs to a body than it had before. for the hardening of the terreftrial ftrata. Thofe who at- 

The hardening and tempering of iron and fteel make a tentively conlider the vail mafs and fucccfllon of different 

confiderable article in the mechanical arts. ftrata, which have been explored, below the level of, and 

There are divers ways of effefting it ; as by the hammer, even under the coafts of the ocean, as at NewcalUe, White- 
quenching it when hot, in cold water ; cafe-hardening, &c. haven, Borrowllownefs, and in Cornwall, &c., will readily 

See Tempering and Steel. perceive, that drying, in its literal fenfe, by expofure to the 

Hardening, Hammer^ is moftly ufed on iron and fteel air, as may be alleged with refped to the fupcrficial ftrata of 

plates, for fa ws, fprings, rules, &c. mountains, and to dry land in general, could have had 

Hardening, Cn/r, which is a fuperficial convcrfion of no part in producing the induration or hardening of thefe 

iron, into fteel (fee CAHfrharJening) is thus performed : fub-marine ftrata, and which, neverthelcfs, are found fo 

take cow horn or hoof, dry it well in an oven, and beat it cxaftly fimilar to the parts of the fame ftrata expofed to 

to powder ; put as much bay-falt as of this powder Jito the air, that the inference feems clear, that to the che- 

ftalc urine, or white-wine vinegar, and mix them well togc- mical principles which produced the depofition of the ftrata, 
ther; coyer tkc iron, or fteel,. all over with this mixture, is their hardening entirely to be aferibed, 
and wrap it up in loam, or plate-iron, fo as the mixture 

touch every part of the work j then put it in the fire, and Hardening The Venetians are famous for 

blow the coals to it, till the whole lump have a blood-rcd foundnefs of their (hips, which do not rot as thofe of 

heat, but no* higher; laftly, take it out, and quench it. ^her nations, but will endure much longer than the others. 
See Steel, unwr which article other procefles for this Tachenius tells us, that the whole fecret of this coniifts in 
purpofe are deferibed. manner of their hardening their timber intended for this 

Hardening of the Jlrata^ in Geology^ is a point on which fervice ; and that this is done by finking it in water while 
theorifts have been much divided : Dr. Hutton, and his leaving it there many years. This prevents the 

commentator, Mr, Playfair, have contended, that fire or alkali, or that fait which fumilhes the alkali in buhiing, 
heat was necelTary for the confolidation of the ftrata, exhaling aftcTwards ; and by this means the timber 
after their depofit in a foft or pulverulent form, in the depths becomes almoft as incorruptible as ftone. It is evident that 
of the ocean. exhaling of this fait, and the rotting of wood, have fome 

Mr. Kirwan fuppofes this hardening to have bee* impait conneftion with one another, fince the more found 

chemical, and to have followed immediately their depofition, timbw is, the more fait it propoitionably yields ; 

and partly the efted of fubfequent infiltration (Geo. Eflays, which is rotten is found on trial to contain no 

p. 45 .). While others have referred to deficcation or dryiijg, “ll *11* Tachen, Hippoc. Chym. 
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HAT, a covering for the head, worn by the men throiigh- 
oitt the weftcm part of Europe. 

Hats are chiefly made of hair, wool, &c. worked, fulled, 
and fafhioned to the figure of the head. 

Hats are faid to have been firll fcen about the year 1400, 
at which time they became of ufe for country wear, riding, 
&c. F. Daniel relates, that when Charles II. made liis 
public entry into Rouen, in 1449, he had on a hat lined with 
red velvet, and furmounted with a plume, or tuft of feathers : 
he adds, that it is from this entry, or at leaft under this 
reign, that the ufe of hats and caps is to be dated, which 
henceforward began to take place of the chaperoons and 
hoods that had oeen worn before. In procefs of time, 
from the laity, the clergy alfo took this part of the habit, 
but it was loojked on as a great abufe, and feveral regulations 
were publiflied, forbidding any prieft, or religious perfon, 
to appear abroad in a hat without coronets, and enjoining 
them to keep to the ufe of chaperoons, made of black cloth, 
with decent coronets ; if they were poor, they were at Icall 
to have coronets faitened to their hats, and this upon penalty 
of fufpenfion and excommunication. Indeed, the ufe of 
hats is faid to have been of a longer ftanding among the 
ccclefiallics of Britanny, by two hundred years, and cfpe- 
cially among the canons 5 but thefe were no other than a 
kind of caps, and from hence arofe the fquare caps won in 
colleges, &c. 

Lobineau obferves, that a bilhop of Dol, in the twelfth 
century, zealous for good order, allowed the canons alone 
to wear fiich hats ; enjoining, that if any other perfon come 
with them to church, divine fervice ftiould immediately 
be fiifpended. Tom. i. p. 845. 

Hats make a very confiderable article in commerce : the 
fiucit, and thofe moil valued, are made of pure hair of an 
amphibious airmal, called the caftor or beaver, frequent in 
Canada, and other provinces of North America. See 
Beaver. 

Hats, Method of maling* — ■Hats, we have cbferved, arc 
made cither of wool, or hair of divers animals, particularly 
of the callor, hare, rabbit, camel, &c. Theprocefs is much 
tlie fame in all : for which reafon we fliall content ourfelves 
to inftance in tliat of caftors. 

The ilcin of ibis animal is covered with two kind? of bair { 
the one long, iUff, gloffy, and pretty thin fet : this is \^hat 
renders the lliin, or fur, of fo much value : the other is Ihort, 
thick, and foft, which alone is ufed in hats. 

To tear off one of thefe kinds of bair, and cut the other, 
the btters, or rather the women employed for that purpofe, 
make ufe of two knives, a large one, like a fhoe-malter’s' 
knife, for the long hair ; and a fmaller, not unlike a vine- 
knife, wherewith they (have, or ferape off, the (hotter hair* 


When the hair is off, tliey mix the (luff: to one-tiiird of 
dry caftor putting two-thirds of old coat, i. e. of hair which 
has been worn feme time by the favages, and card the whole 
with cards, like thofe ufed in the woollen maimfadory, only 
finer; tins done, they weigh it, and take more or lefs, ac- 
cording to the fize or thicknefs of the hat intended. The 
ftiiff 18 now laid on the hurdle, which is a fquare table, pi- 
rallel to the horizon, having longitudinal chinks cut through 
it ; on tins hurdle, with an inftrument called a iov>, much 
like that of a violin, but larger, whofe firing is worked 
with a httle how-dick, and thus made to play on the furs, 
th^' fly and mix together, the dull and filth at the fame time 
palling through the chinks ; this they reckon one of the 
mod difficult operations in the whole, on account of thejuft- 
nefs requiivd in the hand to make the (luff fall precifely to- 
gether, and that it may be every where of the fame thicknefs. 
in lieu of a bow, fome hatters make ufe of a (levc, or fcarcc 
of hair, throiigli which they pafs the (luff. 

After this manner they form gores, or two capades, of an 
oval form, ending in an acute angle at top ; and with what 
duff remains, they fiipply and. ftrengthen them in places 
where they happen to be flenderer than ordinary ; though 
it is to be remembered, that they delignedly make them 
thicker in the brim, near the crown, than towards the cir- 
cumference, or in the crown itfelf. 

The capades thus finilhed, they go on to haiden them 
into clofcr and more confident flakes by prelfing down a 
hardening Jlin or leather thereon ; this done, they are car- 
ried to the bafon, which is a fort of bench with an iron plate 
fitted therein, and a little fire underneath it j upon which lay- 
ing oncof the hardened capades, fprinkled over with water, and 
a fort of mould being ^plicd thereon, the heat of the fire, 
with the vratcr and prelfing, imtodies tlie matter into a (light 
hairy fort of (luff, or felt ; after which, turning up the edges 
all round the mould, they lay it by, and thus proceed to 
the other ; this finilhed, the two next are joined togetlier, 
fo M to meet in an angle at the top, and only form one 
conical cap, after the manner of a manica Hippocratis, or 
flannel bag. 

The hat thus bafoned, they remove it tp a larw kind of 
receiver or trough, refembling a mill-hopper, going Hoping 
or narrowing down from the edge or rim, to the bottom, 
which is a copper kettle, filled with water and grounds, 
kept hot for that purpofe, On the defeent or floung fide, 
called the plank, the bafoned hat, being firft dipped m the 
kettle, is laid, and here they proceed to work it, by ndliitje 
and unrolling it aran and again, one part after another, firl 
with the hand, and then with a little wooden roller, t^iiw. 
car< tp dip’ it from timptotime, tiD at ktigtli, by thus full. 
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ing and thickening it foir or five hours, it is r^uccJ to the 
extent or dimenfions of the hat intended. To fccure the 
hands from being injured by tliis frequent rolling, &c. they 
Ufually guard them with a fort of thick gloves. 

The hat thus wrought, they proceed to give it the proper 
form, which is done by laying the conical cap on a wooden 
Hoek, of the intended fize of the crown of the hat, and thus 
tyinT it round with a packthread, called a rommanJer : after 
whidi, with a piece of iron or copper bent for tliat pttrpofe, 
and called a ftamper, they gradually beat or drive down the 
commander all round, till it has reached the bottom of the 
block, and thus is the crown formed ; what remains at bot- 
tom, below the firing, being the brim. , . . 

The liat being now fet to dry, they proceed Xajmge it, bjr 
holding it over a flare of ttraw, or the like ; then it is 
pounced, or rubbed over with pumice, to take oflf the coarfer 
icnap ; then rubbed over afrefli with feal-lkin to lay the 
knap a little finer ; and kllly, carded with a fine card to 
raife the fine cotton, with which the hat is afterwards to 

thus far advanced, the hat is fet upon its 
block, and tied about with a packthread as before, to be 
dyed. The dyer’s copper is ufually very large, holding ten 
or twelve dozen of hats. The dye, or tinaure, is made of 
logwoodi verdigrisi copperas^ and alder-bark ; to wliich fome 

galls and fumac. r r 

In themaniifadure of La Cote d'Or, fays citizen Chauf. 
fier, (Journal Poly technique, i. p. i6o, flee.) the nut-gall 
is not ufed, and oak-bark has been fubftitutcd with ad- 

the hat is kept boiling for about three quarters of 
an hour ; then taken out and fet to cool, and then returned 
to the dye, and this for ten or twelve times fucceffively. For 
the met nod of dyeing hats, fee Dykixo of Hats. 

The dye being complete, the bat is returned to the hatter, 
who proceeds to dry it, by hanging it in the top or roof 
of a ilove or oven, at the bottom of which is a charcoal 
fire ; when dry, it is to be ftiffened, which is done w’ith 
melted glue or gum fenegal, applied thereon by lirft finearing 
it, and beating it over with a hrufh, and then rubbing it with 
the hand. The next thing is to Jieam it on Reaming hnjmy 
which is a little hearth or fire-place, raifed three feet high 
with an iron plate laid over it exaftly covering the hearth ; 
on this plate they firft fpread cloths, which being fprinkled 
over with water to fecure the hat from burning, the hat is 
placed brim downwards thereon ; when moderately hot, the 
workman ftrikes gently on the brim with the flat of his 
liand, to make the joinings incorporate and bind fo as not to 
appear ; turning it from time to time, this w’ay and that 
way , and at laft oveiturning and fetting it in tlic crown. 

When fi earned fufficiently and dried, thev put it again 
on the block, and brnfti and iron it on a table or bench for 
the purpofc, called the fall-hoards this they perform with 
a fort of irons like thofe commonly ufed in ironing linen, 
and heated like them, which being rubbed over and over 
each part of the hut, with the afliftance of the brofti, 
fmoothens and gives it a glofs, which is the laft operation ; 
n )t!iiiig now remaining but to clip the edges even with feif- 
fars, and few a lining to the crown. 

The federal operations employed in hat-making, arc fepa- 
ratcly deferibed under the articles Felting, Fulling, and 
Dyeing, to which the reader is referred. The laft operation, 
(ays Chaiilfier, (ubi fupra), confifts in lining % inner fur- 
face pf the crown, as well us of the brim of the hat, with a 
glutinous fubftance, which in drying gives firmnefs to the 
work,and preferves iu forin. The ulual compofitkm is made 
of gum arabic, common gum, and Flanders glue, which arc 
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diffolvcd together in a fiifficient quantity of water, and 
brought to the reqiiifite thicknefs by boiling. Tliis prepa- 
ration, fimple and eafy as it appears, is not indifferent with 
regard to the beauty and duration of the work. If it be 
too tenacious, it renders the (luff dry and brittle, and after 
fome months ufe, a kind of grcyifh incruilation is formed on 
the furface, which alters the textuTe. “ It appeared to me, 
(fays Chau (Tier), that this effe£f was caufed by the gum 
arabic which is added to the glue. I therefore fought 
among the plants of our ovm country for a fimpIe preparji- 
tion, which might be fubftituted inilcad of thefe natural and 
friable gums. Tiie mucilaginous principle abounds in a 
great number of plants, and may be eafily extradled by ebul- 
lition ; and a gum may even be formed by evaporation, which 
preferves its fupplenefs and flexibility. Tliefe confidcra- 
tions induced me to recommend, inftead of the ufual prepa- 
ration, a folution of glue in a deco6tioii loaded w'ith the 
mucilage of Hnfeed oil. This preparation has been long 
ufed with economy in the manufadlory, and with advantage 
in the excellence of the work. Since that time citizen 
Margueron having communicated to me his obfervations on 
the mucilage which may be extradfed from the leaves of the 
horfe-chefnut tree (mafronier d*Inde)^ and having afeer- 
tained how great a portion of mucous and adhefive matter 
thefe leaves afford, efpecially when the foliation is in its 
vigour ; a ftrong decoflfion of thefe leaves has been ufed 
with much fuccels to make the preparation with glue.” Our 
author adds, that there are many other native ^ants which 
w^ould be equally proper to afford fadlitious gums, and of 
which the ufe would be very advantageous. 

Hats, Laws relating to. By 24 Geo. Ill* c. 51, all 
retailers of hats, commonly called felt or wool, miff or 
beaver hats, or any leather or japanned hats, fhall take out 
a licence from the ftamp-offices, for >v!iich fliall be paid 
within the bills, 40/., ellewhere 51* ; wdiich licence (hall be 
rcnew'ed annually, ten days before the end of the year. If 
any retailer fliall fell any felt hats without a licence, he fliall 
forfeit 50/. 4 and every perfon who (hall fell any lefs quan- 
tity than one dozen of Iiats at one time to any one perfon, 
flijdl be deemed a retailer. Such perfon fliall put over his 
door, or in the front of his houfe or (hop, the words dealer 
in hats by retail,” on pain of forfeiting 40^. ; and if an 
unlicenfed perfon put up thefe words, he fliall forfeit 50/. 
For every hat fold by a liccnfed retailer (hall be paid the 
following duty : vi%. if not exceeding the value of 41 , 3//. ; 
above 4r. and not exceeding 7/., 6d, ; from 7^. to 12/., i/. ; 
and above iix., 2.r. By 36 Geo. III. c. 125, all hats, pre- 
vious to the delivery of them, fliall be ftamped on the lining $ 
however, any licenfed dealer may fell to any other of the 
lame defeription any iinftampcd hats. The penalty for felling 
undamped hats is 10/. ; and for fixing ftamped finings aftu* 
tliey ha\e been ufed, there is a penalty of 10/. and the fume 
penalty alfo for receiving on fale,or wearing hats unftanipe 1. 
Counterfeiting or forging of (lamps is a capital felony. By 
43 G^o. III. c. 68, for every liat, as above deferibed, im- 
ported, (hall be paid a duty of 1/. i/., and on exportation 
mall be 'allowed a drawback of lox. (ni For the encourage- 
ment of tlie hat-manufa£lure, it is eiia^ed by 24 Geo. 11 L 
c. 21. that no hare or coney (kins fliall be exported on the 
penalty of coo/, and forfeiture of the fame ; and every perfon 
aflifting (hall forfeit 40/. Dyeing fuch (kins incurs a forfeit- 
ure of the fame, and of 20A For tlie further encouragement 
of the hat-manufa^ure, all coats* hair or Turkey goats* 
wool may be imported duty tree* 

Hats for women have been made in various forms, of 
(ilk, ftraw, (havings of wood, ivory, feathers, gold, and 
filver. 
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Hat is alfo figuratively ufed for the dignity of a car- Pope Innocent IV. firft made the hat the fymbol or cog- 
dinal, or a promotion to that dignity. In this fenfe they nizance of the cardinals ; enjoining them to wear a rea 
fay, to expedl a hat ; to claim, or have pretenfion to the hat, at all ceremonies and procelfions, m a token ot being 
kat, 6cc. ready to fpiU their blood for Jefus Chnft. Sec Cardi- 

nal. 
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HULL, or KiNCiSTON-urt>s-Hup, in Geeera^j, a 
borough, markct'town, and fea>port in the £aft Riding of 
the county of York, England, is fituated on the wcilcrn 
fide of the river Hull, and the northern bank of the river 
Humber, at the dilUnce of about ay milea from the 
mouth of the latter} nine miles S. of Beverley ; 173 N. of 
London ; and 38 S.E. of York. It extends newly two 
miles in length, in a direA line, in which extent is included 
the adjoining pariih of Sculcoates ; and to rather more than 
half that diltance in a parallel diredion towards Beverley. 
The town originated in the year 1x96, under the immediate 

J iatronage of king Edward I., who, on his triumphant return 
rom Scotland, projefted the foundation of a port, &c. at 
this place, then a fmall hamlet, called Wyke, and put his de- 
fign immediately into execution. Peculiar privileges were 
granted to bnilwrs and refidents, together with a royal char- 
ter, vetting the government in a war&n and the body of free, 
men ; and the new.formed town was diftinguiihed by the 
appellation of Kingfton, or Kingftown-upon-HuU. Ed- 
ward founded a houTe of White fnars, and caufed a hall to 
be built for bis own refidence. This was probably given to 
the Be la Poles, for Toon afterwards a magnificent manor- 
houfe was erefted by that wealthy family, which was fre- 
quently honoured with the royal prefence, and falling to the 
crown by the attainder of Edmund de la Poles Suffolk, 

in T eoB, became for feme time the refidence of king Heoiy 
VIII. 

So rapid was the progrefs of the place, that, in about hxty 
«ars from its fonnmttion, it was called upon to furnilh king 
Edward III. with 16 (hips and 466 men. In Leland'stime it 
was a fair and well built town } and, according to Cam^n, it 
poflefled (lately edifices, ftrong fortrelTes, (hips well equipp^, 
a number of merchants, and abundance of all kinds of wealth } 
having been favoured with not lefs than fixteen charters from 
various fucceffive monarchs. It was firft fortiiied under a 
charter fim king Edward II., and the walls ^air^ and 
llrengthened with towers of brick in the time of king Richard 
II. by fir Michael de la Pole, who appews to have revived 
in this place the art of brick-making, which bd Men into 
difule nnce the time of the Romans. King Henrv VIIL 
built two block 4 )oufes and a citadel on the eaft bank of uie 
river HuD, at an expenfe of 23,000/., although be drew 
great part of the materials from the didolved houfes of 
Black and White friars, and the church of ^ St. Mary. 
King Charles II., in 1681, laid out a vaft fum in improving 


the fortifications, which had fullered confideraWy from the 
fevere fiege of the town by the earl of Newcaftle, and during 
the civil wars in the preceding reign. Within the Lft 35 
years, the whole of thefe ancient works of defence, with the 

! fates of the town, have been demolilhed, except two of the 
ortrefles built by Henry, which, being guarded by feveral 
batteries and modern ercdlions, are now converted into maga- 
zines, capable of containing more than 30,000 (land of arms, 
and ordnance (lores for twelve or fifteen fail of the line, de- 
fended by a regular garrifon, 

Hull confifts of three principal divifions, formed by the 
intervention of the docks, which, occupying the greater 
part of the fpace where the walla formerly ftood, nearly 
infulate the old town. That on the north fide of the 
old dock is in the parilh of Sculcoates ; all its build- 
ings have been erefted within the lad thirty years, and 
form feveral fpacious and handfome ftreets. A neat haU 
has been built for the adminiftration of juftice, &c. this 
part of the town being in the county of York, and not un- 
der the jurifdiftion of the magiftrates of Hull. The other 
divifion has arifen ftill more recently, and lies to the well of 
tlie Humber dock, occupying the fit nation of the anejenc 
hamlets of Wyke and My ton ; by which latter name it 
is now diftinguiihed, and is included in the county of tfat 
town of Hull. A fuburb alfo has lately fpruiig up, on 
the Holdemefs fide of the river, in the parilhes of Dry- 
pool and Sutton, encompailing the garrifon, and connefted 
with the town by a bridge of four ttone arches, rebuilt in 
1787, with a draw-bridge in the centre, Which has this year 
( i8n ) been renewed on a very ingenious and novel conftruc- 
tion, and is wide enough to admit the largeil velTclsthat have 
occafion to pafs through it. The whole town Hands on n 
level trad of ground, within a Ihort diftance of the York- 
(hire wolds ; the principal ftreets are broad 'and well paved, 
and in lighting and washing it is not inferior to any place 
in the kingdom. A few yours ago, it was computed that 
about 300 hoUfes were built annually, but fince the inter- 
ruption to the Baltic trade, the principal fource of rerepui 
to this port, diBt number has been much diminiihed. 

TheedifinsforrChgious worfliip belonging to the efta- 
bhlhment are two parilh churches, that of the Holy Trinity 
and St. Mary’s ; with a chapel of eafe, and the chmis of tm 
TrinityJioufe and Cbarter-houfe. The church of the Holy 
Tnni^, a ndble flrufture, vras fii^ erefted in the reiOT of 
king Edward II.; the tower and weft end were added wout 
the tint of king Henry Til., by whole fucocflbr, Hpu 
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was made tlie fee of a fufFragan binii>p, who poncffed a 
ftately palace in the High-ftreet, long fince dellroyed. The 
church, however, remained under that of tlie neighbouring 
village of Hefsie, until feparated by an ad of paniament in 
1661. St. Mary’s was formerly a much larger llrudure, 
and belonged to the priory of Ferriby. Great part of it, 
including the fteeple, was pulled down by king Henry VIII. 
as obllruding the view h*om his palace. St. John’s is a 
chapel of eafe to the Holy Trinity, and was finifhed in 
1792 at the foie expenfe of the Rev. Thomas Dikes, LL.B. 
the prefent incumbent. There are alfo various meeting- 
houles for the peculiar doftrines and worfliip of all the pre- 
vailing feds. 

The charitable inftitutions in Hull are numerous. The 
moll ancient and fplendid is that of the Trinity-houfe, found- 
ed by fiibfcription in 1369, and rebuilt in 1753 : its funds 
have been progrefiively augmented by legacies and benefac- 
tions. It was incorporated by letters patent in the reign of 
Henry VI.; and its charters and grants have, at various 
fubfequent periods, been renewed and extended. The fund is 
confiderably incrcafed by a monthly contribution of fixpence 
from every fcaman failing from this port ; when fiiperannualcd, 
or difabled, they obtain relief, as do alfo their widows and 
children, from this charity. Several dillinguilhed charaders 
have been admitted to the freedom of this corporation, 
which is governed by wardens, brethren, and aflillants. In 
a marine-fchool, conneded with it, thirty-llx boys are, for 
three years, clothed and educated for the fea fervice ; the 
guild alfo provides North fea pilots for the royal navy, when 
required by government. The Chartcr-houfe hofpital is 
worthy of particular notice ; it was founded, together with 
an adjoining priory, by Michael de la Pole, for the fupport 
of a certain number of penfioncrs, denominated brothers and 
fillers ; under the fuperintendance of a mailer, who enjoys 
a falary of 100/. per ann., with a houfe and garden. Seve- 
ral other fmallcr hofpitals, for fimilar purpofes, are diftin- 
guifhed by the names of the refpedive founders, w*. 
I.ilter’s, Gregg’s, Crowle’s, Watfon’s, (bifhop of St. Da- 
vid’s,) Gee's, Harrifon’s, RatclifTs, and Weaver hofpitals. 
"I’he workhoufe is a large building, commonly known by the 
name of Charity hall. For the relief of the indigent fSck 
and maimed, a general infirmary was creeled, in 1782, by 
voluntary contributions, on a plan fuperior to moll eftiblllh- 
ments of the kind, which has been the means of reftoring 
to health near 9000 perfons. Here are likewife a free gram- 
mar.fchool, founded by Alcock, bilhop of Ely, in 11486, 
which enjoyed confiderable reputation, efpecially under its 
late mailer the Rev. Jof. Milner, A.M. ; the Vicar’s-fchool, 
fllablilhed by the Rev. W. Mafon, father of tlie poet of 
that name ; a fchool for girls, and a valuable inllitution for 
putting out poor boys apprentices, endowed by Aid. Cog- 
gui^ and another for orphans, endowed by Aid. Ferns. 
Two handfome buildings have alfo been recently erected, ca- 
pable of containing 500 boys, and 250 girls, who arc in- 
llrufted with great fiiccefs, according to the improved fyllem 
of education. The chief part of the expenfe, as alfo that 
of feveral Sunday-fchools and other charities, is defrayed by 
voluntary fubferiptions. 

Befidcs the various buildings already noticed, there are the 
cullom-houfc, intended originally as an exchange alfo, but 
having been longdifufed for that purpofe, the prefent com- 
fortable room, with a news-room over it, was defigned and 
executed in 1794, by and at the expenfe of an individual, 
though with a view to his ultimate advantage ; the aficrably 
rooms, not now adequate to the wants and opulence of the 
town ; tlie gaol ; the Neptune hotel ; the Rodney and 


Minerva lodges of Free-mafons, the former of which is a 
moll elegant and handfome room ; the fubfeription libraryt^ 
founded in 1775, and built in 1800, a great advantage to the 
inhabitants, and containing many thouland volumes ; and the 
theatre royal, rebuilt in 1809, ^ fpacious and convenient 
^l^u(^lllre, the interior of which is fitted up in a fuperior 
ftyle of comfort and elegance. The avenue from the mar- 
ket-place to the Humber was lately widened, by taking down 
the guild hall, a mean brick building, and on its feite Iham- 
blcs were crefted, which, for convenience, elegance, and ven*^ 
tilation, may challenge comparifon with any in the kingdom. 
The old fliambles being likewife removed, the beautiful call 
end of Trinity church is again thrown open to the market- 
place, in the centre of which ftaiufs an equeftrian fiatuc of 
king William III. ereded in 1734. Until a new guild haH 
fiiall be provided, the corporation tranfadbufinefs in a large 
houfe fitted up for the purpofe. Among the public accom- 
modations enjoyed by the inhabitants, may be reckoned the 
Barton-boats, which crofs the Humber every tide, to and 
from Barton, a diilancc of about feven miles. 

The commerce of Hull will be bell appreciated by a ftatc- 
ment of the annual exports and imports for a few years. 
I'lic tonnage of this port was, feveral years ago, inferior 
only to that of London, Liverpool, and Briitol ; its cuf- 
toms only to thofe of the former two. It fends at prefent 
nearly thrice as many (hips to the whale fiflicries as London, 
and, exclufive of tlie latter port, more than all Great Britain 
bt fidcs. Its facilities of communication with the interior, by 
means of the Oufe and Trent, and the canals communicating 
with them arc very great. The groft amount of the cultoms 
was 
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The number of fliips ( Britifii and foreign) that entered 
inwards, and cleared outwards, from and to foreign parts, 
alfo of coalUng-vellbls, was. 
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The dock was undertaken, according to a£l of parliament, in 
1774, and completed within four years ; the entrance is im- 
mediately from the river Hull ; it extends in length about 
600 yards ; in width 85 ; and is 23 feet deep ; is capable of 
containing loo fail of fqiiarc rigged veficls ; and, with the 
wharfs and quay, occupies a ipace of more than thirteen 
acres ; containing in the dock 48,188 fquare yards, in the 
quay 17,479; exceeding in capacity the largellrin Liverpool, 
and now only furpafled by thofe ol London ;; when made it 
was the largcft m the kingdom.. The fubfthribers to the 
dock are incorporated by the title of** The Dock Company 
at King(lo(n»upon-Hull.!’ The original number of {hares 
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was 120, but the trade of the port requiring further ac- 
commodalioii, two other adts of parliament were obtained in 
j 802 and 1805. by whieh the companyr was empowered to 
jiicreafe them to 180, tlie money ariiing from which, amount- 
jnK to 82,3 <;o/., was anprupriated to the making of a new 
dock which was completed under the title of tlie Humber 
docki in 1809, at an expenfe of 220,000/. It opens into 
the Humber by a lock of excellent workmanfliip, large 
enough to admit a fifty-gun (hip, crolTcd by an iron bridw in 
two parts, of very ingenious mechanifm. The area of the 
dock and quays is teo acres, with a balin of four acres ; its 
length 300 yards, width 1 14, ' and depth 29 feet ; and it is 
intended to comminiioate with the old dock at fome futtire 
time, which, when effeaed, will wholly infulate the old 
town. The company is entitled to ccrtiiin duties on all (hips 
entering the port ; the profit divided on the fliares was. 
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The tnanufadiires of Hull arc vanoua and extcnlive ; one 
of the principal branches is that of expreffing and refining 
oil from linfecd, and prenarinc the rofidue for feeding cattle : 
tlie procefs is chieflv e(feaed by mills worked by the wiinl. 
The lar<refi and liticil mills 111 the kingdom of this kind, b< th 
for the above purpofc and for grinding corn, are to be found 
in great numbers near this town ; their machinery is excellent, 
and many of them are from 80 to ui>\vards of ico fwt ni 
height. Aniron foundcry, two large fugar-lioufes, an . st.-n- 
fivc foap, and feveral white lead manufattories, Greenland 
yards, numerous dry^ocks, (hipbuilders’ yards, and rope- 
walks, where a great number of hands are conilantly em- 
cloyed ; and feveral large breweries arc amoMcHl the inoft 
important, but do not comprize half the manufhaoncs now 

exiiling in the town. , u r i 

The entire civil authonty over the town, and the leveral 

places within what is denominated tlie county of the town of 
Kiugllon-upon-Hull, a dillrid of more than eighteen miles 
in circumference, weft of it, is, by various royal charters, par- 
ticularly thofe of king Henry VI. and king Charles II., vefled 
iu the corporation, which now con/ifls of the mayor, the 
recorder, twelve aldermen, the (heriff, two chamberlains, a 
town clerk, a water-bailiff, and other officers, belidcs a 
high fteward, who is generally fome nobleman of rank. 1 he 
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mayor is admiral of the Humber, and pofleflbd of the power 
of life and death over criminals within his jurifdiftion. The 
judges of aflize vifited this town, but of fate years this has 
been difeontinued, and all trials are removed to York, 
though caufing a great additional expenfe to thofe con- 
ccruc^d. 

Hull returns two reprefentatives to parliament : the riglit 
of cleftion of whom, as well as of the feveral principal mem- 
bers of the corporate body, except the recorder and higli 
lleward, is veiled folely in the burgefTes or freemen of the 
town, an important body, amounting to upwards of ac^o. 
The population returns to parliament in i8oi, fpccified, 
that the town and county contained 4767 houfes, occupied 
by 20,516 perfonsjof whom I3>05i were males, and 16,465 
females : this does not include the adjoining populous parifli 
of Sculcoates, nor the fuburb on the call of the river Hull. 
A fair is held annually in Oftober, and the markets are 
abund..ntly fupplied, elpccially when the tide fuits for the 
Lincolnlhire farmers to crofs the Humber, on Tuefdays, 
Fridays, and Saturdays. 

Hull has, at different times, given birtli to men ililliii- 
giiifhed on various accounts. In tlie fjrll rank miilt br 
placed her reprefentative in parliament, that incorruptible 
patriot, Andrew Marvell, whofe father was ledturer of Tri- 
nity church ; and, in later times, a moll worthy man and 
excellent poet, the Rev. W. Mafon, A.M. fon of the laic 
vicar of the fame. It likewife gave the titles of carl and 
duke, both now extind, to the family of Pierrepoint. 

The village of Sculcoates, though not in the county, 
may juftly be confidercd as- forming a part of the town of 
Hull ; a portion of the old dock is included within it. The 
church, ijtuatcd towards the northern extremity of the pariflii 
is a neat uniform llriidlure, rebuilt in the year 1760, and con- 
tains Tome fragments brought from the neighbouring abbey 
of MeauK. 

Ht’Li. R'tvtr^ in the F.nft Riding of Yorkfliirc, is a fmall 
river, wlih l* fulls into the Humber at tlic town of Kingllon- 
upon-Ilnll, better known by the name of Hull only, and as 
being the fourlli fca-port in point of importance in the Britifli 
doiiuiuon.;. The Hull is made na\igablc from ihc Humber, 
about twelve miles, to Aike-bcek mouth, the eulraiicc of the 
Drifiuld navigation. Sen Can al. 

Hull and Leven Canalih an inland naNigai ion in York- 
fliirc, Ealt Riding, made in purfuance of acts of parliaintMil 
obtained in r8oi and 1805; it extends about three milts 
from the Hull river up to the town of Leven. Sec 
Cava l. 



Hundreds 


H UNDRi.D'^, in the conllruftion of reeds for weavers, denote 
the number of divifions in any given lengtli of the reed. A 
thorough knowledge of the iidaplation of yarn of a proper 
degree of finenefs to any given meafure of reed conllitutcs 
one of tlie principal arts of tlie manufaftnrer of cloth, as 
upon this d'‘pi'nds entirely tlie appeal anee, and in a great 
degree the durability of tiu* cloth when linifliod. The art 
of performing this properly is known by the names of r.vj- 
/clunky or wliieh are ufed iridifcriminutely, 

and mean exaclly the fame thing. The reed confiils of two 
parallel pieces of w'ood of any given lengtli, as a yard, 
a yard and quarter, &c. The divifiona of the yard being 
into halves, quarters, eighths and fixtccntlis, the breadth 
of a web is generally exprefled by a vulgar fra£lion, as 
V If and the fubdivifions by the eighths or fixteenths or 
rtfilsi as they are’ufually ciilled, as J, &c. or 

f See, In Scotland the fplits of cane which pafs between 
the longitudinal pieces or rits of the reed arc expreifedby 
hundred porters or fplits. The porter is 20 fplits, or 4 th of 
an hundred. In Lancafliire, Chcfliire, and the other manu- 
fafturing counties of England, the divifions of tlie wd are 
different. A comparative table of the differences by which 
they arc reduced, to the fame llandard as nearly as is poffible, 
that is to fay, within one fplit or divifion by which the Scotch 
or Eiiglifh manufafturcr may at one glance afeertain the 
relation which the other modes of counting reeds bear to his 
own, is annexed to this article. In counting rcctls by the 
Aumber of hundreds in a determinate Icngibi which is com- 
mon to the manufafturers of the continent, as well as to thofe 
of Scotland, different lengths are ufed for the Aandard of 
finenefs. In that part of France fituatcd around Cambray, 
which is, or was, the principal feat of the cambric manufac- 
ture, the ftandard length ot a reed, by which the finenefs of 
the fplits is afeertained, is 34 inches. In Holland, where 
the heavier fabrics of linen arc chiefly produced, the ftandard 
of meafure is 40 inches, and in Scotland the ftandard is 37 
inches, or the Scottifh ell. Now it is plain, that if 2COO or 
twenty hundred divifions or fplits be contained in each of 
thefe refpeftivc meafures, thoie which are contained in 34 
inches muft be finer and clofer than thofe contained in 37, 
and ftill more fo than thofe contained in 40. For t^e prac- 
tical purpofes of manufafture in this country it can be of 
little importance to afeertain with precilion the relative pro- 
portions which thefe ftandards bear to each other, but to 
the wholefale purchafer it muft be ufeful to have fomc cor- 
reft idea of the mode by which both the vah\e and quality 
of the commodity whicli he purchafes may be afeertained 


with confidcrable precilion mci^dy by inipedtum. 

In Lancafliire and ('hefliire a diiferont mode is adopted 
both as to the meafure and divifions of the rccd. The 
Manchefter and Bolton reeds are counted by the number 
of fplits, or, as they are there called, denis contained in 24J; 
inches of the reed. Thefe dents, inftc*ad of being arranged in 
hundreds, porters, and fplits, as in Scotland, arc cakiilatcd 
by what is there termed tares or Icarsy each containing 20 
dents, or the fame number as the porter in tlie Scotch reeds. 
Formerly the number of dents in a hare was frequently 19, 
a number fo ill calculated for any eafy arithmetical calcula- 
tion, that it is difficult to eonjrcte.re the ciuifi # which could 
have fuggefled its adoption, unlefs we fuppofe tliat the num- 
ber 19, in place of 20, was adopted to leave room for the 
flirinking-in breadth w'hen firll immerfed in any liquid, to 
which all newly woven ckth is liable. The Chcfliire or 
Stockport reeds again receive their defignation from the 
number of ends or threads contained in one incli, two ends 
being allowed for every denty that being the almoft univerfal 
number in every fpecies and defeription of plain cloth, ac- 
cording to the modern prafticc of weaving, and alfo for a 
great proportion of the fanciful articles. The number of 
threads in the warp of a web is generally afeertained with 
confiderable precifion by means of a frnall magnif) ing glafs 
fitted into a foeket of brafs, under which is drilled a unaH 
round IhjIc in the bottom plate of the ftandard, the number 
of threads vilible in this perforation afeertaining the number 
of threads in the llandard meafure of the reed. Thofe ufed 
in Scotland have fometimes four perforations over any one of 
which the glafs may be (hifted. The firll perforation is ^ 
ot an inch in diameter, and is therefore w'ell adapted to the 
Stockport mode of counting, that is to fay, for afeer raining 
the number of ends or tlireads per inch. Tlic fecond is 
adapted for the Holland reed, being yiT^dth part of 40 inches. 
The third is ,^.jdthof 37 inches, and is adapted for the now 
almoft univerfal conftrudlion of Scotch reeds, and the fourthi 
being dth of 34 inches, is intended for the Frencli cam- 
brics. Ever)' thread appearing in thefe refpeftive meafiireSf 
of courfe, reprefents 200 threads or 100 fplits in the ftandard 
breadth, and thus the quality of the fabric may be afeer- 
tained with confidcrable precifion, even after the cloth has 
undergone repeated w^ettings, either at the bleaching ground 
or dye work. By counting the other way, the proportion 
which the woof bears to the warp is alfo known, and this 
forms the chief ufe of the glafs to the manufafturer and 
operative wfcavcr, both of whom are previoufly acquainted 
with the exaft meafure of the rccd. 
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Comparatire Ta'ble of 37-inch reeda, the ftandnrd 

iifed throughout E'jrop^^ fur linena, with the LancaPiire 
and Chefliire reeda, and the foreign reeds ufed for Holland 
and cambric. 


Scotch. 

].. 4 inra- 

Ihirc*. 

Che (111 re. 

Duuh 

lloiLr.d. 

r r«*nch 
Caujfiii''. 

600 

20 

34 

550 

653 

700 

24 

38 

650 

761 

800 

26 

44 

7^0 

870 

900 

30 

50 

832 

979 

lUOO 

34 

54 

925 

1089 

1 ICO 

36 

60 

1014 

1197 

1200 

40 

64 

1 1 10 

1300 

I30O 

4 Z 

70 

1202 

1414 

1400 

46 

76 

1295 

1464 

1500 

50 

8o 

13^7 

1602 

1600 


86 

1480 

1752 

1700 

56 

92 

1571 

1820 

1800 

58 

96 

1665 

1958 

1900 

62 

104 

1757 

2067 

2000 

66 

1 10 

1850 

2176 


In the above tabic the 37-inch reed is placed firft. It is 
railed Scotch, not becaufc it cither originated, or is c*x- 
cliifivi'ly ufed, in that country. It is the general linen reed 
of all Europe, but in Scotland it has alfo been adopted as 
the regulator of her cotton manufadlures. In the table it 
is only compared ^ it!i the neared Engli(h reed aflually in 
ufe, for in mod cafes there is fomc fmall difierence, %vhich, 
however, is not material for praflical purpofes. For the 
Holland and cambric reeds, the cxadl number of fplits or 
dents is given merely for comparifon, as thefe reeds aro 
not at all ufed in Britain. 

The art of proportioning the yarn to the reeds, for dif- 
ferent fabrics, has been always regulated by the pradical ex- 
perience of the manufadlurcr, and iIjc tade or fancy of his 
cuftomers. Some attempts h ive been made to reduce it to 
a dandard, and it is evidently a matter of no difficulty. 
Without analyzing particularly tlie plans which have l)ccn 
propofed, and the arguments for and againd each of them, 
It feems that the following may, in general, be taken as a 
good approximation. 

Every fpecies of yarn ufed in the manufacture of cloth, 
may be afliimed to be a cylindrical body of duff of a cer- 
tain diameter. Now as the area of every circle is as the 
fquare of its diameter, and as the cubical content of every 
cvli’ider is found by multiplying the area of its bafe by its 
height, vre may reafonably infer, that if the diameter of a 
thread is fquareJ, and that fquare multiplied by its length, it 
will give the folid content, andwe' verfd; that the fquare 
root of the number which afeertains the weight of yarn, is a 
fymbol of its diameter. If this be granted, it follows, 
that when any particular denomination of yarn is found to 
produce a proper fabric of cloth when woven in a reed of 
any given dimenfion, the proper denomination for any 
other reed may be found. Or if the yarn is at hand, and 
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the proper reed wanted, it may be found by exactly the 
converfe of the former analogy. Upon this hypotbefis the 
analogy will be 

As the fquare root of the given yarn, 

Is to the given dimenfions of the reed f 
So is the Tquare root of another kind, 

To the dimeafions of the reed required* 

But* as few pra£lical manufa^lurcrs or weavm arc ac- 
cuftomed to the extraftion of roots, tlie real d/feription of 
the yarn may be taken, and the reed fquared, or multiplied 
intoirfelf, which will give cxa£Uy the lame rtfult. It may 
be neceffary to obferve, however, iii this place, that as the 
linenefs of cotton yarn is afcertaineii by progrcfllvc numbers ; 
and that of moft otlier kinds of yarn, by the w'cight of 
certain quantities, the proportion or analogy in the former 
cafe mull be dire£l, and in the latter inverfc, becaufe a dimi- 
nution of weight in a given qtiunlily ncceffarily inqdics an 
increafe of finenefs. The two following exaiuples will, it is 
hoj>ed, render this fufficieiitly obvious. 

If a maniifaAurer finds, by experience, that a fabric of 
goods, fuch as pleafe his cuiluuwrs, is produced by weaving 
N 60 of cotton yarn in a reed of 1200 by the linen or 
Scotch reed, and w'iffics to aiVertain what defeription of 
yarn he ought to employ for a w'cb to be woven in a 1500 
reed ; the proportion w’ill be 

As 144, the fquare of the 1200 reed. 

Is to 60, the number of the given yarn, 

So is 225, the fquare of the 1500 reed, 

To 94, the neareft integral number by calculation. 

In the converfe he would find the fquare of the reed, 
and would Hill find extradlion of the root neceffary. 

But if a manufadlurcr of linen finds that a fabric of yarn, 
of any number of ounces to the fpiiidle, is w'ell adapted to 
a I 2 CX 5 reed, and w'iffies to afeertain the weight or denomina- 
tion of yarn fit for a 1500 reed as before, his p^roportion 
mull be inverted. 

The chief obje^lion wdiicb prafllcal men are apt to make 
to the above theory of adaptation, which is perhaps 
the bell that has hitherto been found, is tlie following. 
That in finer fabrics of goods it is not found to produce 
llie defired effedl, and that experience proves, that were a 
pradiical inanufadlurLi* of cloth to adopt this rule impli- 
citly, either his fine goods w ould be w'anling in that fiiow 
and elegance wltieh is their chief recommeudation, or that 
his roarfe articles would be flimfy and deficient both in 
warmth and durability. Allowing to this olficdlion, which 
is iir.quefiionably well founded, in fome rcipedls, all the 
ueiglit which it deferves, the anfwxr to it is verjr cafy. 
The chief recoinmendatinns of coarfc goods are thickneft 
and ftrength, thofc of fine goods hghtnefs and elegance. 
Thefe are not, nor can be regulated by any exaft mathe- 
matical rule, as they arc much dependant on fancy. No 
lady w^ould expeCt, in a fine diefs, the firergth ^nd diira- 
bihly of a fack, nor w'ould any miller Hore his Hour in a 
bag, poffeffing the principal requifites of afievc. It i« iiif- 
ficieiit, if the manufadlurer is enabled to obtain a fair pro- 
portion for the real fabric, and this he ni’ill afterwards vary, 
to fuit his goods to the market for which they are in- 
tended. 



Japanning 


JAPANNING, the art of varnilliing, and dmving 
figures on wood, &c. after the fame manner as the workmen 
do who arc natives of Japan. 

The vamifh made and ufed in China and Japan is com* 
pofed of turpentine, and a curious fort of oil they have. 
This they mix and boil up to a proper confi Hence, and 
this never caufes any fwelline in the hands or face of the 
people who ufe it. The fwellings in thefe parts, which 
often happen to thofe who work tlie lacquered ware, and 
fometimes to thofe who only pafs by the fhops of thefe 
people, is from the lack, and not the varnilh. This lack 
is the fap or juice of a tree, which runs (lowly out on 
cutting the lower part of the trunk of the tree, and is 
received in pots fet on purpofe under the incifions. The 
jnice, as it flows from tlie tree, is of the colour and con* 
fillence of cream ; and as it comes in contaA with the ex* 
ternal air, its furface becomes hlack. As they only ufe 
it when black, their method of preparing it is to fet it 
out in the open air, in large flat bowls, iu which it looks 
all furface ; but that the whole may be of the fame uni- 


form colour, they continually ftir it for twenty-four hours 
together, with a froooth piece of iron. By this means the 
whole becomes thicker than it was before, and of a fine 
deep black. When it is in this Hate, they powder fome 
burnt boughs of trees, and mix them thoroughly with it } 
and then fpreading it thin over any board which they intend 
to japan, it is foon dried in the fun, and is then abfolutely 
harder than the board it is laid on. When this is thoroughly 
drv, they pelilh it over with a fmooth ftone and water, 
till it is as imooth as glafs ; ,aiid then wiping it very dry, 
they lay on the varnilh, made of oil and turpentine, and 
boiled to a proper confiftence for this kind of work. 

If the work is to be of any other colour than black, that 
colour is to be mixed with the varnilh, and then the whole 
fpread on very thinly and evenly ; for on this laying it on 
depends the principal art of varnilhing. When there arc to 
be figures in gold and filver, thefe mull be traced out with 
a pencil in the varnilh over the reft of the work j and 
when this varnilh is almoft dry, the kaf*gold or leaf.filver is 
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to be Is^id on, and policed afterwards with any fmooth 
frbftance* 

The fubftanccs which admit of being japanned are al- 
mott thofe of every kind that are dry, and not too flex- 
ible ; as wood, metals, leather, and paper prepared. Wood 
and metals require no other preparation, except that of 
cleaning their furfaces, and rendering them perfeftly even. 
But leather fliould be fcciirely ftrained cither on frames or 
on boards ; and paper fliould be treated in the fame manner, 
and have a previous ftrong coat of feme kind of lize ( but 
it is rarely made the fubje<^l of japanning, till it is converted 
into papier mache^ or wrought, !)y other means, into an 
inflexible form. One principal vaiiatk>n in the manner of 
japanning is the ufiiig or omitting any priming or under- 
coat on the work to be japanned. In the older praflice, 
fuch priming was always uled ; and is at prefent retained in 
tVe French manner of japanning coaches and fnuff-boxes of 
the papier machL But in the Birmingham maiuifadliirc it 
lias always been rejed^cd. The advantages attending the 
life of fuch priming arc, tliat it makes a faving in the quan- 
tity of varnifli neccn’ary to be nfed, and that it helps to form, 
by means of rubbing and watcr-polilhing, an even furface 
for ilie varnifli. However, when an undcr-coat of fize is 
ufed, the japan coats of varnifli and colour will be always 
liable to crack and peel off, and are lefs durable than thofe 
wljich arc formed without fuch priming. This diiTercncc is 
obfervable in comparing the wear of the Paris and Birming- 
ham fimft -boxes. 

The laying in of the colours iu varnifli or oil inflead of 
giim-w«vtcr, IS another variation from the method of japan- 
ning formcrrly pravftifed. But if llie colours arc tempered 
with the flrongcfl illnglafs fi/.e and honey, inftcad of gum- 
Wiitcr, and laid on very flat and even, the work will not 
be much inferior in appearance to that done by the oilier 
method, and will la 11 as long as the common old japan 
work, the hell kinds of the true japan excepted. The 
jiroper japan g»*oimds arc either fuch as are formed by the 
varnifli and colour, where the whole is to remain of one 
iimple colour ; o'* I y tlie varnifli, either coloured, or without 
colour, on vihic^i iome -'ainting, or otlier decoration, it af- 
terwards to he I 'i<l. The prijr.ing, or under coat, which is 
fomctiinrs ufed in japanning, is of the fame nature with 
that called clcar-coating, pratftjfed by the ho ufe -painters ; 
and confllls in laying on and d ;'ing in the moll even manner 
n compolition of ijze tuid whiting. The common lizc, 
(fee Sizi:,) has been gcne’*ally ufed ; but in nicer works, 
the glovers or the parchment lize, improved by adding 
a third of ifinglafs, will be preferable. The work fliould 
be prepared for this priming, by being well fmoothed with 
fifh-flein, or the glals-fliaver ; and by being bruflied over 
oucc or twice with hot fi/.e diluted, when it is of the com- 
mon llrength, with two-tliirds of water. The priming, 
formed of a iize whofe conliftence is bftw^cen that of the 
common kind and glue, mixed with as much whiting as will 
give it a fufficknt body of colour to hide tlie furfacc on 
which it is laid, fliould be laid on evenly with a brufli. Two 
coats of this priming will generally be fuflicieiit ; but if, 
upon trial with a fine wet rag, it will not receive a proper 
watcr-polifh, another coat or more mull be given it. And 
after the lad coat but one is dry, the w^ork fliould be fmooth- 
ed by rubbing it with the Dutch rulhes. When the lall coat 
is dry, the water-polifli fliould be given, by palling over every 
part of it wdth a fine rag, a little moillencd, till the whole 
appears pcrfeclly plain and even. The work ia.thcn ready 
to receive the painting or coloured varnifli. 

When wood or leather is to be japanned, without priming, 
it may be prepared by laying pn two or tlu'ee coats of coarTe 
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varnifli, made by diflblving two ounces of feed-lac, and as 
much rofin, in one pint of redified fpirit of wine : and 
then the proper japan-ground mull be laid on. As metals 
never require to be under-coated with whiting, they muft 
generally be treated in the fame manner as wood or leather. 

For nvhite japan ^rowiK/r.-— Prepare a white varnifli, by 
working and grinding flake white, or white lead, with a 
fixth part of its weight of (larch, and dr^dng the mixture ; 
then temper it into a confiftence fit for fpreading with maf- 
tic varnhh, (fee Vaiinish,) or compound it with gum 
anime ; lay this oi: the body to be japanned, prevdoufly pre- 
pared wdth or without the under-coat of whiting : and var- 
iiifli it Over w'ith five or fix coats of the following varnifli, 
formed by diflblving two ounces of the cleared and whitell 
grains of feed-lac, and three ounces of gum anime, pulve- 
rized, iu about a quart of fpirit of wine, and ftraining off 
the clear varnifn. 

A very gcod varnifli, free from brittlenefs, may be ob- 
tained by difiblving as much gum anime as the oil will take 
in old nut or poppy oil, boiled gently when the gum is put 
into it. The ground of white colour may be laid on in this 
varnifli, and then a coat or two of it may be put over the 
ground ; but it mull be well diluted with oil of turpentine 
when it is ufed. 

Blue japan ^roumh may be formed of bright Prufiiaii blue ; 
or of verdiicr glazed over with Pruflian blue, or fmalt. The 
colour may be be ft mixed with fliell-lac varnifli, and brought 
to a polifliing (’tale by live or fix coats of varnifli of feed Kic. 
But when a bright blue Is required, and a lefs degree of hard- 
nefs can be difjienfed with, the method before diredled, in 
the c'‘L* of N\ bile grounds, mull be purfued. 

Red japan grounds, — For a fcarlet ground, vermilion may 
be ufed : but this is lefs beautiful than the crimfon pro- 
duced by glazing it over with carmine or fine lake, or rofe- 
pink. For a very bright crimfon ; inftead of glazing with 
carmine, the Indian lake, called fafflower, fliould be ufed, 
diflblvcd in the fpirit of which the varnifh is compounded. 
But in this cafe, inftead of glazing with the (hell-lac var- 
nifli, the upper or polifliing coats need only be ufed ; which 
w’iil render this a cheaper method than the ufing of carmine. 
If the higheft degree of brightnefs be required, the white 
varniflies mull be ufed. 

Tello*iv japan grounds, — For brigl)t yellow grounds, king’s 
yellow, or turpeth mineral fliould be ufed, either by them- 
lelves, or mixed with fine Dutch pink. The eflcdl may be 
dill more heightened by diflblving powdered turmeric root 
in the fpirit of wine, of which the upper or polifliing coat 
is made ; which fpirit of wine muft be drained off from the 
dregs, before the feed-lac be added to it for forming the 
varnifh. 

Yellow grounds may likewife be formed of the Dutch 
pink only. 

Green japan grounds may be produced by mixing king’s 
yellow and bright Pruflian blue ; or turpeth mineral and 
Prufijan blue. A cheap, but fouler kind may be had from 
verdigris with a little of the fore-mentioned yellows, or 
Dutem pink. But if a very bright green be wanted, the 
cryllahof verdigris, called didilled verdigris, (hould be ufed, 
and tiieir cfFefl will be heightened by laying them on a 
ground of leaf-gold. Any of thefe may be ufed with 
good fecd-lac varnifli, but will be brighter with the white 
varnifli. 

Orange^coloured japan grounds may be formed by mixing 
vermilion or red load with king’s yellow, or Dutch pink : 
or orange lake, or red orpiment will make a brighter orange 
ground than can be produced by any mixture. 

Purple japan grounds mav be produced by the mixture of 
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like and Pruflian bhic ; or a fouler kind^ by vermilion and 
Pniffian blue. 

Block japan grounds may be formed, without heat, by 
either ivory-black, or lamp-black, which may be laid on 
with the flieil-iac vamifli : and the upper or poliihing coat 
may be common feed-lac vamifh. 

For forming the common Hack japan wounds on iron or 
copper by means of heat, the work mud be fird painted over 
with drying oil, and a little lamp black ; and when it is 
moderately dry, put into a dove of fuch a degree of 
heat, as will change the oil black, without burning it. The 
heat Ihould be flowly augmented and continued tor o long 
time, in order to harden the coat of japan. This kind ot 
varnilh requires no polifh. 

Tortotfi " i , , !r.— The bed is made by means 

of the following* varnidi ; prepared by boiling together one 
gallon of good Tinfeed oil and half a pound of jmbre, till the 
oil becomes very brown and thick ; by draining the mixture 
through a coarfe cloth, and fetting it aran to boil, till it 
acquires the confidence of pitch. On the piece of work to 
be japanned, well-cleaned, let vermilion, tempered with fiiell- 
lac varnifti, or with drying oil diluted with oil of turpen- 
tine, be laid thinly oh the places defigried to imitate the 
jnore tranfparent parts of the tortoife-mell. 

When the vermilion is dry, brufli over the whole with 
the black vamifti, tempered to a due confidence with oil of 
turpentine ; and when it is fet and firm, put the work into 
a dove, where it may undergo a very drong heat, and be 
continued for a confiderable time. This method, propofed 
in one of Kunkel’s recipes, has been revived in the Birming- 
ham manufaftures, where it ispurfued in forming the ground 
of fnuff-boxes, drefling boxes, tea-waiters, &c. This ground 
may be decorated with painting and gilding in the fame 
manner as any other varniftied furface. 

Japan-work ought properly to be painted with colours in 
varnifh. (See Painting in Vamifh and Varnish.) The 
colours are now mod frequently tempered in oil, Mving a 
fourth part of its weight of gum anime previoufly diffolved 
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in it. This oil fhould be well diluted with fpirit of tur- 
pentine when it is ufed, that the colours may be laid more 
evenly and thin, and thus fewer of the polifliing coats of 
varnilh will be necclTary When water-colours are laid on 
grounds of gold, fo as to have the effeft of emboffed work, 
dicy are bed prepared by means of ifinglafs fize correded 
with honey or fugar-candy. The body of which the em- 
bofled work is rwfed may be formed of a very drong gum- 
water, thickened to a proper confidence by bole armeniac 
and whiting, in equal parts, which being laid on in the proper 
figure, and repaired when dry, may be then painted with the 
proper colours tempered in tne ifinglafs fize, or in the general 
way with lliell-lac varnilh. 

The finilhing part of japanning confids of laying on and 
polilhing the outer coats of varnilh. This is in general bed 
done with common feedJac varnilh. (Sec Varnish.) But 
where brightnefs is principally regarded, the feed-lao inud 
give way to the whiter gums. When hardnefs, tenacity, 
and brightnefs are defired, the mixed varnilh made of the 
picked feed-lac, already propofed under white Japan 
grounds^ Ihould be adopted. The pieces of work to be 
vamilhed Ihould be placed near a fire, and made perfcdtlv 
dry ; the varnilh Ihould then be rubbed over them with 
proper bruflies j fird one coat, and when this is dry another 
ihould be laid over it ; and this operation mud be continued 
at lead five or fix times. When a fufficient number of coats 
IS thus laid on, the work is fit to be polilhed, which mud be 
done, in common cafes, by rubbing it with a rag dipped 
in trippli, commoaly called rotten-none, finely powdered j 
but tbward the end of the rubbing, a little oil of any kind 
ihould be ufed with the powder : and when the work ap- 
pears fufliciently bright and glolTy, the oil alone Ihould be 
ufed to clear it from the powder, and to give it a brighter 
ludre. For white grounds, fine putty or whiting Ihould be 
ufed indead of the tripoli. For gilding of Japan work, fee 
Japanners Gilding. Handmaid to the Arts, vol. ii. p. 497, 
6cc. 



Indigo Mills 


Indigo Mitts. For the purpofe of effe&ing the folution 
and union of indigo with the liquid ufcd along with it, for 
the purpofes of dyeings mills of various conftrudions are in 
ufe. In this procefs trituration or friAion is as much as 
poffible avoidedi and the pulverization is effeAed merely by 
bruifing. For this two very fufficient reafons may be al- 
figned ; the firft, in point of economy, and the fecond, to 
avoid chemical inconveniency. On whatever fubftance the 
ind^o was triturated or rubbed, a certain proportion of the 
Itutt would be mixed or incorporated along with the pulve- 
rized indigo, and that proportion of indigo which was ab- 
forbed by this fluff would be either totally loft, or brought 
into union with another fubftance which might prove ufelefs, 
and^probably injurious in the fubfequent procefs of dyeing. 
If the former only was the cafe, the abforbed indigo would 
be totally loft ; if the fccond took place, the whole procefs 
might be utterly fpoiled by the combination. In the appropri- 
ate plate. Jig, I. reprfifcnts the ground or horizontal plan of 
fuch an indigo mill as is generally ufed in fmall dye-works, 
and which is occafionally turned by a man's or boy's hand. 
This is tedious and laborious, for the operation muft be 
continued for a very long time before the indigo is fuf- 
ficiently mixed with'the liquid to be fit for ufe, and only a 
fmall quantity can be put into the veffel at once. Tig. u 
is an elevated feAion of the fame mill. 

In this machine the pulverization or granulation of the 
indigo is effcAed by the prefTure of a number of fmooth 
calUiron balls, like thofe ufed for the fhot of great guns, 
which, being rolled among the indigo, prefs it into a pafte 
by their weight, until it unites with the liquid by which it 
is to be held in folution. 

In /g. I, A reprefents the bottom and rim of the veffel 
which contains the indigo, and which is of a cylindrical 
form. B is an upright fpindle, which, in this figure, docs 
not appear. Upon the fpindle B is fixed a wheel C C, with 
a convenient number of arms projeAing round the veffel, like 
the radii of a circle ; and below each of thefe arms are pro- 
jeAing pieces of iron, like the- pins’ or teeth of a harrow, 
for moving the balls. When this wheel C is moved round 
its axis, the wliole balls in the veffel A are fet in motion, 
and, by rolling over the indigo, gradually prefs it, until it 
unites with the water or liquid with wliich it is furrounded. 
if the bottom of the cylinder be flat, a very fmall part of 
the furface of each ball can aA upon the indigo ; but by 
calling circular hollow grooves, as reprefented in/^. 2, 
nearly the femi-diametcr of the ball will prefs upon the 
iluff. The mill is moved by a handle 2,0J^mch fets 
in motion the fmall bevel wheel E, and this wheel aAing upon 
the horizontal wheel F, fixed upon the fpindle B, fets it alfo 
in motion, and confcqucntly the wheel C C is moved round 


its axis, and all the bulls roll round upon the indigo. G is a 
crofs (haft upon the top of the fpindle B, loaded at each 
end with a heavy ball. There is generally another fhaft 
placed at right angles to this, when they affift in regulating 
and equalizing the motion in the fame manner as any other 
fly wheel. When the indigo is found to be fufficiently dif- 
folved, and united with the water, the liquid thus formed is 
drawn off into any other veffel for ufe by means of a vent 
5ind fpiggot placed in any convenient part of the bottom of 
the veffel. 

The great labour and time which it requires, and the 
fmall quantity of fluff which can be prepared at once by a 
machine of this kind, renders it ill adapted for the ufe of 
large works w^hcre much indigo is confiimed, and where 
they have generally a horfe-power water-wheel, or ftcam- 
engine, for raifing water, cutting madder, and other pur- 
poles ncceffary in extenfive works. Fig, 3. reprefents an 
elevated crofs feAion of one of thefe machines, driven by 
any moving power, and capable of preparing a very great 
quantity of indigo at all limes, as it requires no attendance, 
excepting to empty the veffel when the indigo is wanted, 
and add a frelh fupply. II is a femi-circular veffel of caft- 
iron, placed upon a ftrong wooden frame 0, and of any con- 
venient length. I is a cover made in two pieces, with a cir- 
cular aperture to admit the upright (haft K working upon 
the centre, or pivot P. At Q, the upright P is jointed to a 
horizontal (haft of wood M, the other end of which is con- 
neAcd by the joint R, with a crank fixed on the end of a 
horizontal (haft N driven by the moving power. The cir- 
cular motion of tlie (haft and crank N communicates an 
alternate, or reciprocating motion, by means of the horizontal 
conneAing fiiaft M, to the upper end of the upright (liaft 
K, which vibrating upon the centre joint P, fets in motion 
the iron cylinders L, L, in the bodv of the veffel, which 
prefs upon llie indigo, and produce the fame effeA, but to 
a much greater extent, as the balls in the machirte firll 
deferibed. The cylinders L, L, may be made of any dia- 
meter or length which is found convenient. The greater 
mafs of iron that they contain, the quicker and more effec- 
tual will be their operation upon the Huff, provided there is 
a fufficient power to drive them. The frame under the 
joint P extends the whole length of the femi-circular veffel H, 
whichmay be anv length, according to the extent of the power 
and quantity ot work required. As thi» machine requires 
no attention whatever, it is found very ufeful in large dye 
works, as, by means of it, they can conllantly command 
a large fupply of prepared indigo, which may be drawn off 
when wanted, for the longer it is under the preparing procefs, 
the better in every refpeA, and frc(h indigo may be added 
as the fupply gets low. 



Ink 


INK> a liquor wherewith to write on paper or parch- 
ment. 

Ink, Printing, i See Priktino. 

Ikk, Writings is commonly made of copperas and galls, 
and gum arabic ; but other aftringent plants may ferve the 
fame purpofe ; fuch as oak*bark, red rofes, logwood, or 
fumach. Mr. Boyle feems to doubt whether all allringent 
vegetables will do the fame. 

Many are the preparations and methods of compounding 
ihc materials for making of writing ink. For many years 
the ink moft generally ufed by European writers has been 
the infufion of galls and other aftringent vegetables, con- 
taining gallic-acid, rendered black by iulphate of iron, and 
thickened by the addition of a little gum or fugar. This 
compofition, however, is liable to fade ; but fuice the dif- 
covery of the method of totally difeharging the traces of 
common ink by the application of the oxigenated muriatic 
acid, more ferious confcquences arc to be apprehended from 
the univerfa^ nfc of Ae common atramentous fluid, than the 
decay of its colour from/age j for it is well known tliat, 
wlnle the fulphate of iron remains on the paper, the colour 
of the writing may be rettored by wafliing the MS, with 
frcih infuuon of galls. We have fcvcral receipts in Nichpl- 
fon’s Philofophical Journal, vol. iv. p, 479, 4to., for com- 
pofmg ink capable of refilling the oxigenated muriatic, 
acid. 

Macquer, in the Chemical Diftionary, gives the f(dlow« 
iiig receipt for making good ink. In four French pints of 
common water or beer, let a pound of bruifed galls be in- 
fiifcd twenty-four hours without boiling ; to this add fix 
ounces of gum arabic ; and when the gum is dilTolved, fix 
ounces of green vitriol, wdiich will foon give it the black 
colour ; the liquor is then to be ft rained through a hair* 
ficve. 

The following method has been recommended by expe- 
rience, and is eafily and fpeedily pradtifed. To a gallon of 
boiling water, put fix ounces of blue galls, grol*^!)' pounded, 
and three ounces of copperas; ftir tlie mixture well togc- 
tlier, and then add fix ounces of gum arabic pounded. 
After ftirrhig the whole thoroughly, leave it to fettle, and 
the next day ftrain it off from the dregs for ufe. See Iitia 
lutea paMris. 

The following compofition will mike a very good black 
writing ink. Take a gallon of foft water, and boil in it 
a pound of chips of logwood for about half an hour ; pour 


tlie dccodtion boiling hot on a pound of the belt Aleppo 
galh powdered, and two ounces of pomegranate peels, put 
into a proper veffel. After having ftirred them well togc- 
ther with a wooden fpatula, place them in the funfhine in 
fummer, or within the warmth of any fire in winter, for 
three or four days, ftirring the mixture occafionally ; then 
add half a pound of green vitriol powdered, and let the 
mixture remain four or five days more, occafionally ftir- 
ring it ; and then add four ounces of gum arabic diffolved 
in a quart of boiling water ; and after tlie ink has fettled, 
ftrain it off through a coarfe linen cloth, and keep it well 
flopped for ufe. 

Mr. Delaval in his Treatife on Colours,” p. 37. in- 
forms US, that with an infufion of galls and iron filings, he 
had not only made an exceedingly black and durabfc ink, 
but by means of it, wiihout the addition of any acid, dyed 
filk and woollen cloth of a good and lading black. But 
this kind of ink, though the colour is far fuperior to that 
of any other, may be eafily difeharged, either by the fmallell 
quantify of any acid, or even by fimple water ; bccaufe it doth 
not penetrate the paper in fuch a manner as is neceffary to 
preferve it from the inftaiilancousaftion of the acid or ot the 
water. During thenflionof the infufion of galls upon the 
iron in making this kind of ink, a very confidcrable effir- 
vefcence takes place, and a quantity of air is difeharged, the 
nature of which has not yet been examined. 

Many of the more volatile kinds of oil may be ufed in writing, 
if reduced to a proper confiftcncc by the addition of gum or 
refin. Tolerable ink may be made by diffolving 30 grains of 
common refm in 90 grains of oil of turpentine, and tem- 
pering the folution with lyi grains of lamp-black, and t\o{ 
indigo. In a dry ftate, this compofition rcfifts the aftion of 
water, but not ot fpirit. Copal is much fuperior to refin ; 
it will diffolve in only few liquids. It may be diffolved, 
however, in oil of lavender. The only inconvenience at- 
tending the ufe of copal iu the compofition of ink is, that it 
is foluble at a low temperature. Ink may be compofed of 
oil of lavender, copal, and lamp-black in the manner fol- 
lowing : Take oil of lavender 200 grains, copal, in powder, 
2C grains, and larnp-black from 2^ to 3 grams. With the 
amftance of a gentle heat, diffolve the copal in the oil of 
lavender in a fmall glafs phial, and then mix the lamp-black 
with the folution upon a marble flab, or other fmooth fur- 
facc. Put the compofition into the bottle, and keep it from 
the air. After the repofe of fome hours, the ink muft be 
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^ell (liaken> and (lirred with a piece of wire before it is ufed ; 
if it be too thick, it muil be diluted with a little oil of la- 
vender, oil of turpentine, or alcohol. The facility of wri- 
ting with this compofition depends much on the quantity of 
the colouring matt'^r. Nicholfon’s Journal, vol. li. 8vo. 

As the duration of records, and other valuable writings, 
depends much on the goodnefs of the ink employed. Dr. 
licwis has thought this fubjc£t worthy of his attention. 
The chief irnperfedion of common inks is, that they decay in 
time, and at laft the writing becomes invifible. From ex- 
periments made by that author, he infers, tliat the decay of 
inks is cliiefly owing to a deficiency of galls ; that the galls 
are the moft pcri/lmble ingredient, the quantity of tnefe, 
which gives the greateft blacknefs at firft (which is about 
equal parts with the vitriol) being infufEcient to maintain 
the colour ; that for a durable ink, the quantity of galls 
cannot be much lefs than three times that of the vitriol ; that 
it cannot be much greater without Icflcning the blacknefs of 
the ink; that by diminifhing the quantity of water, the ink 
Was rendered blacker and more durable ; that diflilled water, 
rain water, and hard fpring-water, had the fame effefls ; 
that white wine produced a deeper black colour than water ; 
that the colour produced by vinegar was deeper than that by 
wine ; that proof fpirit extraSed only a reddifli-brown 
tinge, and rcdified fpirit a paler brown ; that the laft men- 
tioned tin^lnres funk into, and fpread upon the paper ; and 
hence the impropriety of adding fpirit of wine to ink, as is 
frequently diredled. to prevent moulcliiiefs or freezing; that 
otlicr aftringents, as oak bark, biilort, floc-bark, 5cc. were 
not fo effeftual as galls, nor gave fo good a black, the co- 
lour produced by moll of theic, excepting oak-bark, being 
greenilh ; that the juice of floes did not produce a black 
colour with martial vitriol; but that, neverthelefs, thc 
vrricinc made with it became black, and was found to be 
more mirable fhan common ink ; that inks made with fatu- 
fated folutions of iron in nitrous, marine, acetous acids, in 
tartar, or in lemon juice, were much inferior to the ink made 
with martial vitriol ; that the colour of ink was depraved 
by adding quicklime, which was done with an intention of 
deftroying any fiiperabundant acid wdiich might be fuppofed 
to be the caufe of the lofs of the colour of the ink j that 
the bell method of preventing the cffedls of this fuperabun- 
dnnt acid is probably by adding pieces of iron to engage it ; 
and that this conjeflure was confirmed by an inftance the 
author had heard, of the great durability of the colour of 
an ink in which pieces of iron had been long immerfed ; and 
laftly, that a deco6lion of logwood ufed mftead of water, 
fenfibly improved both the beauty and deepnefs of the 
black, without difpofiug it to fade. The fame author ob- 
ferves, that the addition of gum arable is not only ufeful, by 
keeping the colouring matter fufpended in the fluid, but alio 
by preventing the ink from fpreading, by which means a 
greater quantity of it is collefted on each llroke of the pen. 
Sugar, which is fometimes added to inks, was found to be 
much lefs effeAual than gums, and to have the inconvenience 
of preventing the drying of the ink. The colour of ink is 
found to be greatly injured, by keeping the ink in veffels 
made of copper, or of lead, and probably of any other 
metal excepting iron, which the vitriolic acid can diflblve. 
The foregoing experiments point out for the bell propor- 
tions of the ingredients for ink ; one part of green vitriol, 
one part of povrdered logwood, and three par^ of pow- 
dered Aleppo, or blue galls. The bell menftruum appearl 
to be vinegar or white wine, though for common ufe water 
is fuificient. If the ink be required to be of a full colour, a 
quart, or at moft three pints, of liquor may be allowed to 
three ounces of galls, and to one ounce of each of the 
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other two ingredients. Half an ounce of gum may 
added to each pint of the liquor ; though the more gum we 
can employ, conflllently with due freedom of writing, it is 
probable that the ink will be the more durable. The in- 
gredients may be all put together at once in a convenient 
Veflcl, and well (haken four or five timis each day. In ten 
or twelve days the ink will be fit for ufe, though it will im- 
prove by remaining longer on the ingredients ; or it mSy be 
made more expcditioufly, by adding the gum and vitriol to 
a decodion of galls and logwood in the menftruum. Te 
the ink, after it has been feparated from the feculencies, 
fome coarfe powder of galls, from which the fine dull has 
been fifted, together with one or two pieces of iloti, may be 
added, by which its durability will be fecured. 

It has been often remarked, fays the fartie ifigenious 
writer, that the inks ufed in former times were far more 
durable than thofe of later years ; many modern records being 
more decayed than manuferipts of much greater antiquity, 
©f which we have inftanccs m the jLetters of Camillo Fa- 
derni, publilhed in the Philofophical Tranfaftions for 175^ 
and 1754. Dr. Lewis made fevcral experiments, in order to 
recover the compofition of this durable ink. Inftcad of oil 
which is ufed in the printers* ink, fie mixed both lamp-black 
and ivory-black with a folution of gum arable ; this liquor 
wrote of a fine black colour, but when dry, it rubbea off 
entirely by moifturc. Concluding, therefore, that the co- 
lour could not be fulficiently fixed on paper without an oily 
cement, and as oils are made tnifcible with watery fluids by thq 
intervention of gum, he mixed fome of the fofter printers* 
varnifli with about half its weight of a thick mucilage of gum 
arable, working them well together in a irioriar, and beat 
this mafs with lamp-black, adciing water by little and little, 
and continuing the rubbing, till the mixture became of a due 
confiftence for wn‘iting. This produced charaders of a full 
brownifli black colour, which could not be difeharged by 
rubbing, nor wafhed out fo readily as the foregoing. Inftead 
of the printers* varnifli, or boiled oil, liiifeed-oil was mixed 
in the lame manner with mucilage and lamp-blaek, and the 
mixture diluted with water ; and the ink thus obtained was 
much the fame as the other. To prevent the difeharge by 
water, fome of the more finking kinds of paper, or common 
paper made damp as for printing, muft be ufed, which will 
admit the ink to fink a little into its fubftance ; and thus 
the charadlers will be as fixed as can be defired. Such Dr. 
Lewis found to be the ancient inks, that were fo durable. 
Pliny and Vitruvius exprefsly mention the preparation of foot, 
or lamp-black, and the compofition of writing ink from 
lamp-black and gum. Diolcoridcs fets down the propor- 
tion of three ounces of the foot to one of gum. This mix- 
ture was formed into cakes or rolls, and dried in the fun, 
which were occafionall^ tempered with water, as the Indian 
ink is with us for painting. The ancients were fenfibl^ that 
thefe inks were liable to be difeharged by water, and en- 
deavoured to obviate this imperfe£lion, according to Pliny, 
by ufing vinegar, inftead of water, for tempering the mix- 
ture ot lamp black and gum, which promotes Uie finking 
into the paper. After alT, none of thefe inks can be dil- 
charged oiiiorwife than by delign ; which is the cafe with 
refpedl to the vitriolic inks, and ihofe of printed books and 
copper-plates. 

In the coiirfe of Dr. Lewis’s experiments, a farther in»- 
provement occurred to him, which was that of ufing the 
common vitriolic ink, inftead of water, for tempering the 
ancient mixture of gum and lamp-black. By this method 
the writings will have tlie durabilitv of thofe otTormer times, 
with all the advantage that refuits from the vitriolic ink 
fiwng itfclf in the paper. Common writing ink may, in 
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mahy cafes, be improved by a Imall addition of the ancient 
compofitiun, or ot the common Indian ink. Lewi8*8 Com- 
merce of Arts, § i 6 » 

Mr. Aftle, in his « Origin of Alphabetical* Writing,** in- 
culcates the necelfity of making ink durable $ and tor this 
purpofe fuggefts a comparifon of the rolls and records that 
have been written from the 15th century to the cfid of the 
17th, with the writings that remain from the 5th to the 12th 
centuries. Thefe are ' in excellent prefervation ; but the 
fornter, though of more modern date, are defaced to fuch a 
degree that they are f<^celv vifible. Mr. Aftle agrees with 
Dr. Lewis in the opinion, tnat the ancient inks were com- 
pofed of foot or ivory black in (lead of the galls, copperas, 
and gums, which form the compohtion of out’s. Befides 
their black ink, the ancients ufed various other colours, as 
red, gold and filver, purple, &c. Green ink was frequently 
ufed in Latin MSS., efpecially in the latter ages: and it 
was frequently employed in lignatures by the guardians of 
the Greek emperors till their wards were of age. Blue or 
yellow ink was feldom ufed except in MSS., but, according 
to Mr. Aftle, the yellow has not been much in ufe for thefc 
600 years. Some kinds of charadlers, particularly the 
metallic, were burnifhed. Wax was ufed by the Latins 
and Greeks as a varnifh, efpecially by the former, and par- 
ticularly in the 9th century. This continued a long time 
in vogue. Dr. (fir Charles) Blagden, in the Phil. Tranf. 
vol. Ixxvii. p. A51, &c. has propofed a new method of re- 
covering the legibility of decayed writings. With this 
view he made fome experiments on parchment and vellum 
MSS., with which he was furnifhed by Mr. Aftle, employ- 
ing thofe chemical re-agents which feemed heft adapted to 
his purpofe, viz. alkanes, both fimple and phlogifticated, 
the mineral acids, and infufion of galls. The general re- 
fult (hewed, that the ink anciently ufed, at leaft in thefe 
MSS., was of the fame nature as the prefentj and the 
greater durability of the more ancient inks appeared to de- 
pend very much on a better preparation of the material upon 
which the writing was made, viz. the parchment or vellum. 
He fufpeded, however, that the ancient inks contained a 
rather lefs proportion of iron than the more modem ; and 
perhaps more gum was ufed then, or poffibly they were 
wa filed over wim fome kind of varnifli, though not ludi as 
gave any glofs. It occurred to our author, in the courlb of 
his experiments, that perhaps one of the beft methods of 
reftoring legibility to decayed writings might be to join 
phlogifticated alkali with the remaining calx of iron. In 
order to bring this idea to the teft, he made feveral experi- 
ments, for which we refer to his paper, ubi fupra. The 
method now commonly pradlifed to reftore old writings is 
the wetting of them with an infufion of galls in white wine. 
This has certainly a great effeft : but, like the phlogifticated 
alkali, it is apt to ftain the fiibftance in which the writing 
was made. Sir Charles Blagden fuggefts, that a phlogifti- 
cated alkali, better adapted to this purpofe than the common, 
might be prepared, by rendering it as free as poflible from 
iron, diluting it to a certain degree, or fubftitutng the vola- 
tile alkali for the fixed. This would ferve to bnog out a 
prodigious body of colour upon letters which were before 
fo pale as to be almoft invifible, and it would be preferable 
to the infufion of galls in this refpeA, that it produces its 
effed immediately, and may be confined to thofe letters 
only for which fuch affiftance is wanted. 

In the ‘‘ Monthly Review” of the volume of Tranfa^ions 
above cited, the Mowing method is propofed forpreventiog 
ink from decaying. It confifts in walking over the paper on 
which tlwi writing is to be made with the colouring matter 
of Pruifian blue ; and by writing upon it afterwards with 
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common ink, a ground of Prttfllan blue is formed * tinder 
every ftroke; which will remain ftrong after the black haa 
been decayed by the weather, or deftroyed by acids. The* 
ink will thus bear a larger proportion of vitriol at firft, and 
will have the advantage of appearing blacker when firft 
written. 

Ink Powder may be prepared, by infufing a pound of 
galls powdered, and three ounces of pomegranate-peels, in a 
gallon of foft water for a week, in a gentle heat } and 
then draining off the fluid through a coarfe linen cloth* 
Add to it eight ounces of vitriol diffolved in a quart of 
water, and let them remain for a day or two ; preparing 
in the mean time a decodion of logwood, by boiling a 
pound of the Chips in a gallon of water, till one-third be 
wafted, and then llraining the remaining fluid while it is hot. 
Mix this decodion and the folution of galls and vitriol to- 
gether, and add five ounces of gum arabic, and then evapo- 
rate the mixture over a common fire to about two quarts ; 
when the remainder mull be put into a veffel proper tor that 
purpofe, and reduced to drynefs in baineo MarUf i. c. by 
hanging the veffel in boiling water. The remaining mafs, 
after the fluid is wholly eimuled, muft be well powdered ; 
and when it is wanted for ufe, may be converted into ink by 
the addition of water. 

A portable or extemporaneous ink may be made without 
galls or vitriol, by mixing half a pound of honey and th^ 
yblk of an egg, adding two drams of gum arabic finely le- 
vigated, and thickening the whole with lamp-black to the 
confiftcnce of a ftiff pallc ; whicli being put to a proper 
quantity of water, may be ufed as an ink. 

Ink, Indian^ or Chinefe^ is an admirable compofition, in 
vain attempted to be imitated in Europe. It is not fluid, 
like our writing inks, but folid, like our mineral colours, 
though much lighter. They make it of all figures, but the 
moft ufual is redtangular, aoout a quarter of an inch thick. 
Some of the (ticks are gilt with figures of dragons, birds, 
flowers, Sec. In order to do this, they have little wooden 
moulds, fo curioully wrought, that we could hardly equal 
them in metals. 

To ufe this ink, there muft be a little hollow marble, or 
other ftone, with water in it, on which the ftick of ink muft 
be ground, till the water becomes of a fuflicient blacknefs. 
It makes a very black fliining ink $ and though it be 
apt to fink when the paper is thin, yet it never runs or 
fpreads ; fo that the letters are always fmooth, and evenly 
terminated, how big foever they be. It is of great ufe in 
defigning, becaufc it may be weakened or diminiihed td 
any degree ; and there is abundance of things which cannot 
be reprefented to the life without it. 

From an analyfisof this ink, Dr Lewis concludes that it 
contains an animal fiibftance foluble in water, and confifts of 
a black powder, mixed with fome animal glue. He tried 
to imitate it, by mixing fome lamp-black, prepared from 
linfeed-oil, by hanging a large copper pan over the flame oi 
a lamp to receive its (moke with as much melted glue as gave 
it fumcient tenacity for being formed into cakes. Inefe 
cakes, when dry, anfwered as well as the genuine Indian ink, 
in regard both to the colour, and the freedom and fmooth- 
nefs of working. Ivory black, and other charcoal blacks, 
levigated very une, had the fame effect with the lamp-black. 
It appears from three receipts for the preparation of Indiaa 
ink, in Du Halde’s Hiftory of China, that the colouring 
material is lamp-black, to which is added, in one of them, 
a quantity of horfe-chefnuts, burnt till the fmoke ccafes. 
The conglutinating matter, in one of the preferiptions, isa 
thin fize of neat’s kather ; in another, a folution of gum tra- 
gacantb, and in the other, a mixture of fize, with a de- 
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€0^1011 of certain ^egetabres, unknown to us. Du Halde 
•bierves, that the Chmefe have inks of difierent goodnefs and 
price i that . the moft eflential difference proceeds from 
the quality of the lamp-black, and that the bed is the 
foot of oil, burnt in lamps, in apartments fitted up for 
this purpofe. 

The Chinefe have often attempted to ufe this in their 
porcelain, to give the colbur of biack to the figure traced 
on white vefids, but it has been a vain attempt ; for how- 
ever beautiful and ftrong the figures might appear when firft 
laid on, and even when the veflels wero dried, it all difap- 
peared on the baking, and they came out quite white as 
they were put in. The colours for this ufe muft be fuch 
as can penetrate the varnifh, and endure the fire. Mineral 
colc^urs are found to have thefe qualities, atid thefe alone 
therefore are to be employed ; fuch light ones as this black 
hurtling off from the furface, and wholly difappearing. Obf. 
fur leg Coutumes de 1 ’ Afie, p. 329. 

Ink is alfo an appellation given to any coloured liquor 
ufed in the fame manner as bla^ ink ; as red, green, blue, 
yellow, See. inks. Red writing ink is prepared by infufing 
a quarter of a pound of the rafpings of Brazil wood for 
two or three days in vinegar ; boiling the infufion for an 
hour over a gentle fire, and afterwards filtering it, while hot, 
through paper laid in an earthen cullender ; then put il 
again over the fire, and diffolve in it, firft, half an ounoe of 
um arabic, and afterwards alum, and white fugar, of each 
alf an ounce. Red ink may be alfo made of vermilion, by 
beating together the glair of four eggs, a tea-fpoonful of 
white Tugar, or fugar-candy, powdered, and as much fpirit 
of wine, till' they- be of the confiftence of* oil; then adding 
fuch a proportion of vermilion as will*produce a red colour 
of fufficient ftfength ; the mixture fttould be kepX in a frtiall 
phial, or well-ftopt ink bottle, and well (hook before it 
be ufed* Gum.water is often ufed inftead of the glair of 
eggs; but thin fize made of ifinglafs, with a little honey, is 
much better for the piirpofe. Red ink may be made by 
tempering the folution of copal with red fulphurct of mer- 
cury, take of oil of lavender, 120 grains, copal, in 
powder, 1 7 grains, and red fulphuret of mercury, 60 grains, 
dilTolvo the copal in the oil, and then mix the fulphuret with 
the folbtion upon a finooth furface. This, and alio the bfuck 
ink made with copal, pofTefs a permanent colour, and other 
cflential properties of the ink ufed in printing. The oil of 
lavender being dilfipated with a gentle heat, the colour is 
left 01) the paper furrounded with copal, a fubfiance iii- 
foluble in water, in fpirits, in acids, or in alkaline folutions. 

For red printing ink, fee Printing. , 

Green ink may be made, by putting an ounce of pow- 
dered verdigris to a quart of vinegar, and (training the 
fiuid, after it has ftood two or three days: or, inftead of 
this, the cryftals of verdigris diiTolved in water will anfwer 
the purpole ; then dilTolve in a pint of either of thefe 
folutions, five drams of gum arabic, and two drams of white 
fttgar. 

3 lue ink is made by grinding indigo with honey and the 
white of eggs, and making it fluid with water. 

Tldlow ink is made by an infufion of faflPron in water, with 
a little alum and gum aurabic : or, by boiling two ounces of 
Avignon, orFrench berries, in a quart of water, with half 
ati ounce of alum, till one-third of the fluid be evaporated, 
and then diflblving in it two drams of gum arabic, and one 
dram of Tugar, and aftenvards a dram of powdered alum. 

Id general, inka of all colours mav be made by ufing a 
ftcong dteoAion of the ingredients uled for dyeing, mixed 
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with a little alum and gum arabic. See the (evcral colour 
Blue, Green, &c« 

Inks, Sympatheik^ or Secret. Every fort of liquor with 
which a perfon may write, fo that the letters do not ap^ar 
till there is fome particular means ufed to give them a colour 
difierent from that of the paper, is called by the name of 
fyn^hetic ink ; and of this there are a great many kinds 
deferibed in the writings of Baptiila Porta, L^mery, and 
other authors. 

All thefe inks may be regularly diftributed into different 
claffes, according to the different means which are to be ufed 
to make them appear ; and thefe are in general the four fol- 
lowing. I. By giving a new liquor, or the vapour of new 
liquor, a place on the paper, on which the letters are written 
witli the natural invifible ink. 2. By expofing the paper to 
the air, by which means the letters at firft invifible will ap- 
pear. 3. By paffing gently over the letters a matter of 
lome remarkable colour reduced to fine powder. And 
4* By expofing the paper to the fire. 

This laft is by much tlie beft method, and is fo general, 
that it may be prudently ufed to all papers fufpc<^tcd of con- 
taining any fecret writing, as it feldom fails to difeover it. 
All the common inks of this kind, how^ever, when they have 
been once made to appear, either by fire or by any other me- 
thod, can never be made to difappear again ; but there is 
one kind deferibed by Mr. Hellot, in the Memoirs of the 
Academy of Sciences at Paris, and fince tried many times 
witli us, and elfewhere, which, though the letters it gives arc 
in thcmfelves invifible, and appear like tliole of fome otlier 
of thefe inks, on their being held to the fire, yet they after 
that will fade and difappear on the paper again, and may be 
reproduced in this manner feveriil times. I'his, therefore, h 
the firft known ink of a fifth general clafs, of which fu- 
ture refcarchfl® may difcovei* perhaps more. 

Of the firft clafs of fympathetic inks, or thofe which d» 
not appear till the paper on which they are written be made 
to imbibe another liquor, or the vapour of another liquor, are 
the following kinds. 

To two or three parts of un flaked lime put one of yellow 
orpiinent ; powder and mix the twof adding fifteen or fix- 
teen times as much water as there was orpiment ; ftop up the 
phial with a cork and bladder,, and fet it in warm embers ; 
(hake the phial now and tlien for five hours, and warily de- 
cant the clear part, or rather filtrate it. In the room or this 
preparation may be ufed a faturated folution of common 
briinftone, made by boiling the brimftonc either with quick- 
lime, or in ftrong alkaline Icy. In the mean time, burn a 
piece of cork thoroughly, and when well inflamed, quench 
it in common water, or rather in brandy. Being thus re*- 
duced into a friable coal, grind it with fair wat<jc, wherein 
gum arabic has been dilfolved and it will make a liquor ai 
black as the common ink. 

While thefe are doing, .difforve, in three times as much 
diftilled or ftrong vinegar, over warm embers, a quantity of 
red lead^ or of :^ccharum faturni, in thrice- the quantity of 
water, for three or four hours, or till the liquor have a fweel 
taftfe. This liquor will be as clear as common water. Solu- 
tions of lead in aquafortis anfwer the fame end, except that^ 
when written with, they are apt to corrode the paper. 

The liquors thus prepared, write any thing on paper with 
this iaft fort, dry it, and nothing will appear. Over the 
place, write what you pleafe v/ith the fecood liquor : it will 
appear a» if written with common ink : when dry, dip a 
fmall piece of rag or fpiinge, in the firft liquor, rub it over 
the written place, and the black writing will vanifh ; and that 
wrote with the invifible ink will appear black and legible. 
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A^iOy take a book four or five inches thick, and on the 
firft leaf write any tiling with the laft liquor ; turn to the other 
end of the book, and rub there with a rag, dipt in the firft 
liquor, on that part, as near as you can guefs, oppofite to 
the writing, and leave alfo the rag there, clapping a paper 
over it ; then nimbly (hutting the book, ftrike four or five 
fmart ftrokes thereon with your hand, and turning the other 
fide uppermoft, clap it into a prefs, or lay it under a good 
weight for a quarter of an hour, or even half that time ; 
then will the writing done with the invifible ink be found le- 
gible there. 

The above operation mav be varied, by writing the invifi- 
ble charaftei-S with the folution of bifmuth in nitrous acid, 
and cxpofing them to the vapours of liver of fulphiir, or moif- 
tening them with a folution of liver of fulpluir. 

Diftblve white or green vitriol in water, and writing with 
the folution, nothing will appear. Boil galls in water, and 
dip a linen rag in the decoftion, and with it rub the place be- 
fore writ, and it will a!>pear black and legible. Rub it over 
again with fpirit of vitriol, or its oil, and the writing will dif- 
appear again ; rub it over again with oil of tartar per deli- 
quium, the letters will appear again, but of a yellow co- 
lour. If the blacknefs ot ordinary ink be deftroyed by a 
fufiicient quantity of nitrous acid, the writing made by it 
will remain invifible till it be moiftened with liquid fixed 
alkali. 

Ths golden fympathetk mi.— -This is made by difToIving 
in aqua regia as much gold as that menftruum can take up, 
and then adding to the liquor five or fix times as much water; 
in another vcIH there mu ft be feme tin diffolved in aqua re- 
gia ; and when that mcnflruum has alfo taken up as much of 
the metal as it can, there is to be added to it an equal quan- 
tity of common water. The letters mull be written on white 
paper with the folution of gold, and the writing being dried 
in the (hade, the letters will not appear, at leaft not for feven 
or eight hours afterwards ; dip a pencil in the folution of tin, 
and rub that over the folution of gold with which the letters 
were written, and they will appear of a beautiful purple. 
It might be fuppofed, that any other metals which were fo- 
luble in the fame acid menftruum would equally product this 
eflefl ; but experiment (hews, that this is not the cafe $ and 
filver and copper, though both foluble in aquafortis# yet 
produce no change of cofour by thefe precipitations by 
mixing the folntions of them on paper % and this exain{de of 
iuch an efiedt in the folutions of gold and tin, is ail excep- 
tion to the general rules in the folutions of metals, and their 
cfFe6ls on one another. 

The purple colour of thefe letters may be again efficsed by 
rubbing fome fimplc aqua regia over the paper, and may be 
made to appear again by rubbing over that the folution of 
tin. Kunkel, Caffius and Orfchal, with fome other writers, 
made the firft fteps towards this difeovery, by their attempt 
lo give cryftal, by means of gold, the colour of the oriental 
rubies. There are, befide tnefe mineral preparations, fome 
vegetable ones, which give the fame phenomena, but thefe 
are the more certain. 

Of the fecond kind of fympathctic inks, or thofe which 
appear on being expofed only to the air, is the golden ink 
made by adding to a folution of gold in aqua regia, fo much 
water tnat the liquor (hall not (lain a white paper : letters 
written with this will not appear till the paper has been ex- 
pofed fome hours to the open air, and they will then begin to 
acquire a colour by degrees, till they at length become of a 
deep violet colour, tending to black, if, inftead of ex- 
pofing the paper to the air, it be kept in a box clofe fhut up, 
or clttfely folded ia other paper, it will remain invifible two 


or three months ; but at tbeend of that time ft will begin to 
appear, and svill by degrees become of a'^d^ violet colour. 
So long as the gold remains united to its diflolvent, it is yel- 
low ; but the acid that diffolves it being of a volatile nature, 
the greater pa^rt of it evaporates, and leaves no more than is 
juft ncceflai-y to colour the Calx of gold which remains upon 
tlie paper. 

The fecond of thefe is the filter ink, made by a folution 
of filver in aquaforti% weakened by diftilled water, till it 
will not (lain the paper. Letters written with this will be 
invifible for three or four months, if fhut up in a box ; but 
if they be expofed to the fun they become legible in about 
an hour, becaufc by this meant the evaporation of the acid 
is accelerated. The letters written with this ink are of a 
date colour ; and that from the fulphureous nature of tlic 
aquafortis, every thing that is fulphureous blackening fil- 
ver. This blaclcifli colour, however, is not permanent ; for 
tlie fulphureous part finally evaporating, the letters are left 
to ihcir natural appearance, and are ot a fine true filver co- 
lour, if the filver that was ufed was fine, and the place open. 

In this clafs there may alfo be placed feveral metallic dif- 
folutions ; as that of lead in vinegar, and of copper in aqua- 
fortis, which give at length a brownifh colour upon the 
paper ; as alfo the folution of tin in aqua regia, of mercury 
in aquafortis, of iron in vinegar, of emery and feveral of 
the pyritn? in fpirit of fait. But all thefe, though they 
give letters which are after fome time legible, on being ex- 
pofed to the air, are alfo made to appear inftantly on the 
paper, holding them tq the fire. Each of thefe folutions 
gives its own particular colour ; but they have all tins difad* 
vantage, that in time they eat away the paper, and the letters 
arc feen in the (hape of fo many holes. 

Of the third clafs of ink, or that which appears on nib- 
bing over the paper with a brown or black powder, arc almoft 
all the glutinous expreffed juices of plants, which are them- 
felves of no remarkable colour, the milk of animals, or any 
other thick and vifeous fluidb. To ufe thefe, the letters 
mutt be written on a white paper, and when dry, there is to 
be thrown over them the fine powder of any coloured earth# 
or other fuch fubftance ; and the writing will afterwards ap- 
pear coloured, bccaufc its vifeous quality remains fuificiently 
in it for the entangling and retaining this fine powder# 
though it falls cafily off from every other part of the paper. 
Mem. Acad. Science# Par. I737- 

Among the methods which Ovid teaches young women t<l 
deceive their guardians# when they write to tbehr lovers, he 
mentions that of writing with new milk# and of making the 
writing legible by coal-duft, or foot. 

** Tula quoque eft, fallitqiie oculos, e la^e recenti 
Litera : carbonis pulverc tange ; leges.*’ 

De Arte Amandi, 1 . iii. v. 629. 

Aufonius propofes the fame means to Paulinas, and he after- 
wards teaches other methods of fecret writing. Aufon. 
Epift. xxiii. V. 21, &c. Eneas, in Poliorceticis, cap. 37# 
and Gclliiis, lib. xvii. cap. 9, mention the like. Pliny# 
lib. xxvi. cap. 8. mentions the milky fap of certain plants 
for a fimilar purpofe. 

Of the fourth clafs, or thofe inks which become vifible 
on holding them to the fire, there are a vaft number ; and 
indeed all infuiions, the matter of which is readily burnt 
to a fort of charcoal by a little fire, will anfwer this pur- 
pofe# The niceft of this kind is the fal ammoniac ink# 
made by diffolving a fcruple of fal ammoniac in two ounces 
of fair water. Letters written with this folution are in- 
vifible on, tlie paper# till it is held before the ftrci or has an 
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jrT>ii a little heated palled over it. The rationale of this 
is» that the inflammable part of the fal ammoniac is burnt 
to charcoal by a heat wntch it not fufficient to fcoi^ch the 
paper ; and this is the cafe with all the reft of this clafs. 
The letters written with this folution are» however^ of no 
great diiratfon | for the fait being apt to moiften in the 
air» the letters Iboh fpread, and ron together in a confufed 
manner. 

Dr. Lewis faySf that all the falts which he has tried 
produce this effeA in a greater or lefs degree ; nitre* alum* 
tartar* ver^ weakly ; i&-falt more ftrongly ; fixed alka- 
line falts ftill more io ; but fal ammoniac the ftrongeft of 
ifll. Metallic folutions* made in acids* and diluted fo as not 
to corrode the paper* adt in the fame manner. The juice of 
lemons and milk have alfo been ufed as fympathetic inks* 
the writing with w’hich appears upon the application of heat 
fuflicicnt to decompofe tne oily and mucilaginous parts of 
thefe liquors. 

The fifth clafs of fympathetic ink contains only one yet 
known kind. 

This* though in itfelf invifible* becomes of a blueifh green 
when held to the fire ; aqd this colour difappears again as the 
paper cools* and is to be produced again on holding it again 
to the fire : and this for a long time* and a repeated fe- 
ries of trials. It may alfO| according to the difFereni 
manner of treating it, be made to appear blue, green, yellow, 
red* and fome other colours. This property of the tinging 
matter of bifmuth ore was publifhed at full length by a Ger- 
man lady, in 176J. 

A certain German chemift (hewed the academy at Paris 
a fait of rofe-water, which became blue on holding it to the 
fire, and at the fame time (hewed the ore from whioi he pro- 
cured the fait* which he callei) an ore of marcafite* a name 
given by many to the bifmuth ore. He added* that this was 
«ie mineral from which the fine blue fmalt of Sneeberg was 
prepared* and that no other ore but this afforded it, and that 
lie made the tindlurc from this mineral with aquafortis* 
which he fixed with fea-falt. 

This was the fubftance of what the German declared* 
and from what Mr. Hellot* in 1736* took the hint for 
his difeovery of this remarkable ink. The fait was* after 
many experiments* at length found to be produced from 
an arfenic ore ; and it was found* that all the cobalts and 
ores of bifmuth afford a tin6lure capable of thefe changes 
by fire. 

The method of preparing it is this : pour upon two 
ounces of arfenic ore* grofsly powdered* a mixture of five 
ounces of aquafortis* and five ounces of common water. 
After the firft ebullition is over, place the veffei in a 
entle fand-heat* and let it (land there till no more air- 
ubbles feem to afeend ; after this tncreafe the fire* fo as 
to make the liquor boil for about a quarter of an hour ; 
after this the liquor will become of a reddiih colour* and 
when cold it is to be decanted clear off from this fediment 
into a phial ; and after (landing in that fome time* it is 
to be again decanted off from what is precipitated there ; 
and fo on for three or four times till it is quite clear ; for it 
tnuft not be filtered* left the acid (hould take fomelhing 
from the paper that might fpoil the effefts. When the 
liquor it clear* there muft be added to it two ounces of white 
fea-falt : this mixture is to be evaporated over a gentle fand- 
heat* till there remains only a dry faline mafs. When the 
liquor is grown hot* it changes from its orange colour to a 
fair red ; and when the aqueous humidity is*^evaporated* 
it becomes of a beautiful emerald colour* and from this* 

it dries up* it changes by degrees to a dirty green* like 
that of vemgris in the cake. At it becomes nearly dry* 
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it muft be ftirred about with a glafs rod or peftle* to keep 
it from uniting into a mafs ; and it muft not be kept over 
the fire till periedly dry* becaufe by that means the colour 
is often Io(t* and the fait from green becomes Of a duiky 
yellow ; but if it be taken from the fire while it is green* 
It gradually becomes reddifli as it cools* and finally is of a 
rofe-colour. The manner of uiing this fympathetic ink 
is this ; write with it on a fine and fmooth paper* or draw 
with a black-lead pencil the figure of a plant or tree on the 
paper ; then trace over the fame lines with this liquolr ; let 
It dry in the open air* and then rub off the black lines 
with bread* and the paper will appear altogether fair* 
though the lines made by the ink are in reality funk deep 
into It. On holding this paper to the fire the lines will aU 
appear* and the figure of the plant or the letters will bo 
painted in a beautilul bluei(h green* which will edntinue 
10 long as the paper is w^arm ; but when it is cold again* 
they will wholly difappear. The lines* therefore* dif* 
appear much fooner in winter than in fummer ; and in very 
hot weather it is often neceffary to lay the paper on 0 
marble* or other very cold body* in order to produce this 
effect. At any time* if the paper be fcorched in the ex* 
periment* the colour of the lines will not difappear agfain* 
even if ice be laid upon them. If the writing be ex- 
pofed for three or four days to a humid air, the K^nes will 
appear of a fine pale red. If the impregnation of the ore 
of bifmuth* inftead of fea-falt* have alum added to it* 
and the whole procefs be continued as before deferibed ; 
and if letters be written with the red liquor as it is taken 
out of the vehel* the letters will not appear even on hold- 
ing it to the fire ; but if the paper be wetted over with a 
clear folution of marine fait* and then left to dry* and 
afterwards held to the fire* the letters will appear blue: 
The fame alfo will be the effe6l* if the writing be expofed 
to the vapour of hot fpirit of fait. When this preparation 
is thus made with alum* inftead of common iait* the 
liquor never becomes green* but continues red* and never 
changes colour in the drying* or afterwards. The green 
colour feems to be wholly the effe^ of the fea-falt ; for not 
only this aluminate impregnation* but others in which other 
falts had been employed* were always found to be of a dif- 
ferent colour. 

Glauber’s fait* ufed inftead of common fea-falt* left 
the mafs red in the fame manner as alum did. Nitre 
added* inftead of fea-falt* gave the precipitate or dried 
fait a beautiful purple colour* which became white on the 
inftant that water was poured upon it* and a rofe-coloured 
tincture was drawn from it* which gave lines or letters 
on paper* which continued invifible as long as they were 
cold*, but aifumed a beautiful red on holding the paper 
to the fire; which colour they retained no longer than 
while tlie paper continued warm* difappearing afterwards 
in the f&me manner with the green colours made by the 
fea-falt ; and if a (imple folution of fea-falt be rubbed 
over the paper* and fuffered to dry* and the paper be af- 
terwards heated* the lines appear bloe. Borax has the 
fame effe6l in this preparation with the nitre. All thefe 
experiments . were xna^ with the neutral faks ; but in or- 
der to try what would be the effe&s of alkalies in the 
mixture* Mr. Hellot added to three ounces of the im- 
pregnation, of the ore in aquafortis* pore fait of tartar* 
till the ebullition ceafed ; . but the confequence of^ this 
was no great precipitation, but merely the fubfidtng of a 
fmall: white fediment;, this mixture being evaporated 
nearly to a dfyoefs* the remaining mafs* fo long' as it waa 
warm* appeared of a beautiful puiple ; but Uiis bccam- 
paler as it dried* and turned wKtte in an iuftant on pour- 
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tng #ater upon it. Thi* diflolTed in water, in the man* 
ner of the otbera, gave lines on paper of a faint rofe* 
colour, which appeared or difappeared in the manner of 
thofe made by tm other folutions, according as the paper 
was hot or cold ; and the wetting of the paper with a fo- 
lution of fea>falt, had the fame effects on this as on the 
others, making the lines appear blue on holding to the 
fire. Mem. Acad. Par. 1737. See Cvlourt from Me- 
tals. 

The ink may be eafily made by digefting zafFre, com- 
monly fold by druggilts, in aqua r^ia ; and thus is ob* 
tained the foluhle part of zaffre, which is the calx of co> 
b^t. This folution is then to be diluted with a little 
common water. In expofing the paper written with tliis 
folution to the fire, care mult be taken not to heat it too 
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much 1 for in this cafe, the writing will not again difap> 
pear by ezpofure to cold. This ink, fays Macquer, the 
author of the Chemical Dictionary, may be applied to the 
drawing of landfcapes, in which the earth and trees defti> 
tttte of verdure, being drawn with common ink, give a 
profpeft of winter} and which may be made to aflumc 
the appeamnee of fpring, by expolure to a gentle heat, 
which covers the trees with leaves and the earth with 
grafs, by rendering vifiblc thofe parts of the landicapes 
which are drawn with this fympathetic ink ; and, as the 
iplution of regulus of cobalt or zaffre in fpirit of nitre 
acquires a reddilh colour by the application of heat, the 
red folution might be contrived to reprefent die finiits and 
flowers. 




JOINERY is a branch in Civil JrchiteBnre^ and confifts 
of the art of framing or joining wood together, for internal 
and external finilhings of houfes j as the coverings and linings 
of rough walls, or the coverings of rough timbers, and of 
the conftruftion of doors, windows, and Hairs. 

Hence joinery requires much more accurate and nice 
workmanfhip than carpentry, which confifts only of rough 
timbers, ufed in fupporting the various parts of an edifice ; 
joinery is therefore ufed by way of decoration only, and 
being always near to the eye, and confequcntly liable to in- 
fpeftion, requires that the joints fhould be fitted together 
with the utmoft care, and the furfiiccs made fmooth. 

The wood ufed is called ftufF, and is previoufly formed 
by the pit-faw into rcftangular prifms, which are deno- 
minated boards, battens, or planks, according to their 
breadth. Battens run from two to feveu inches wide, 
boards from feven to nine inches wide, and planks from 
nine inches to any greater breadth that can be cut out of a 
piece of wood. 

The operations of joinery con lift of forming furfaces of 
various kinds, alfo of grooving, rebating,’ and moulding, 
and of mortifing and tenoning, and laftly, of joining two 
or fevcral pieces together, fo as to form a frame or folid 
mafs. 

Surfaces, in joinery, are either plane or curved, but moft 
frequently plane. 

All kinds of furfaces are firft formed in the rough, and 
finally brought to exaft forms by means of tools adapted 
thereto. 

Grooving confifts in taking away a part of a reftangular 
fe^lion from a piece of wood, fo as to form a channel of 


equal breadth throughout, with three furfaces, one being 
parallel, and the other two •perpendicular to the furface of 
the wood from which the channel is recefted ; the channel 
thus formed is called a groove. 

Rebating confifts in taking away a part from a piece of 
wood of a reftangular fedtion, fo as to leave only two fides, 
eacli of a parallel breadth, the one fide being perpendicular 
to the furfdce of the wood, and the other parallel thereto : 
the cavity thus formed is called a rebate. From this de- 
finition it is manifeft, that a rebate can only be formed by 
reducing the piece of wood to be rebated at the angle it- 
felf, and may therefore be looked upon as a half groove. 

A mortife is a cavity recefled within the furfacc of a piece 
of wood, with four fides perpendicular to that furface, 
and likewife to each other ; the a£l of making a mortife is 
called mortifing, 

A tenon is a projeftion formed cn the end of a piece 
of wood with four plane fides, at right angles to each other, 
and to a plane, from which it projefts ; and this plane is 
called the fhoulJer of the tenon. 

In the following, all pieces of wood whatever are fup- 
pofed to be reflangular prifms, and the length in a direc- 
tion of the fibres ; two of the fides of every mortife to be 
perpendicular, and the other two fides parallel to the fibres ; 
the four fides of every tenon in the direftion of the fibres^ 
unlcfs other wife alTerted : likewife, if two of the furfaces 
of a piece of wood be of greater breadth than the other 
two, thefe are called the edges and thofe the fides, and 
each line of concourfe, formed by two adjacent fides, is 
called an arris. 

Moulding confifts in forming the furface of a piece by 

curve or plaue furfaces, or by both, in fuch a manner, that 
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«ll jiarallel feftioiis will be fimilar figuresi that is their boun- 
daries nmj be made all to coincide. 

Tlie fir ft thing to be done in joinery is to feledl the ftufiF 
or boards, which ought to be well feafoned for every pur- 
pofc in joinery, and then line it put ; and if the ftuff is 
not already at the fize, as is inoft frequently the cafe, it 
muft be ripped out with the ripping faw, or crofs cut with 
the hand faw, or both, as may be wanted. The next tiling is 
the planing of the ftuff firft upon a fide, then the edge 
fquared, and then gaged to a breadth and thicknefs, (houTd 
either or both be found neceffary. 

Two er more pieces of ftuff may be faftened together in 
various ways by pins of wood or by nails, but in work 
prepared by the joiner for the ufe of building, pieces are 
more frequently joined together by making their furfaccs 
coincide, and then plaftering them over with a hot tenacious 
liquid calk’d glue, then rubbing the furfaccs until the glue 
lias been almolt rubbed out, and the one piece brought to 
♦t9 fituution with refpeA to the other. The beft work is 
always joined by this method. 

When boards are required of a greater breadth than com- 
mon, feveral common boards muft be faftened together edge 
to edge, either by nailing them to pieces extending acrofs 
tlic breadth, or gluing them edge to edge, or by joining 
pieces tranfverfcly together with fmall boards, tongued and 
grooved into the i'nterflicel 

Two pieces of lUiff are joined together at right or oblique 
angles by mortife and tenon adapted to each other, and 
faftened together v/ith glue. When a frame, confiding of 
leveral pieces, is required, the mortifes and tenons are fitted 
together, and the joints glued all at one time, then entered 
to their places, and forced together by means of an in- 
ftrunnent called a cramp. 

The operation of forming a given furface, by taking away 
the fuperfluous wood, is called planing, and the tools them- 
felves planes. 

The firft tools nfed by joiners are bench planes, which ge- 
nerally confift of a jack plane, for taking away the rough of 
the faw and the fuperfluous wood, only leaving fo much as is 
fufficient to fmoolh the furface ; the trying plane to fniooth 
or reduce the ridges left by the jack plane, and to ftraighten 
or regulate the furface, whether it be plane or convex | the 
long plane when the furface is required to be very ftraight ; 
and the fmootfiing plane in fmoothing, as its name implies, 
and giving the laft finifli to the work. 

Befidcs the bench planes there are others for forming any 
kind of prifmatic furfaccs whatever, as rebating planes, 
grooving planes, and moulding planes ; but for .a .more 
particular defeription of thefe and the bench planes, w'e 
fiiall refer to the article Plane. 

The tools employed in boring cylindric holes are a ftock 
with bits of various deferiptions and fizes, gimblets and 
brad awls of feveral diameters. 

The tools ufed in paring the wood obliquely, or acrofs the 
fibres, and for cutting rectangular prifmatic cavities, are in 
gent*ral denominated chiffels : thofe for paring the wood 
.acrofs the fibres are called firmers, or paring chiffels^ and 
thofe for cutting rettangular prifmatic cavities, are called 
mortife chiffels, the retlanguiar cavities themfelves being 
called mortifes when made to receive a projection of the fame 
form and fize, and by this means to fallen two pieces of 
wood together at any angle. Thefidesof all chiffels, in a 
direction of their lengtn, are ftraight, and the fide of a chiffcl 
which contains the cutting edge at the end is fteel. The beft 
paring chiffels are made entirely of caft fteel. Cliiffcls for 
paring coUcave furfaccs are denominated gouges. 


Dividing wood, by cutting tway,t veff thin portion oT 
the material of equal thicknefs tlu*o^hocit, to any required 
extent, by means of a thin plate of fteel with a toothed 
edge, is called fawing, and the inftruments themfelves are 
called faws, which arc of feveral kinds, as the ripping faw, 
for dividing boards into feparate pieces in a direction of tlie 
fibres 5 the hand faw, for crofs cutting and fawing thin 
pieces in a direction of the grain ; the pannel faw, either for 
crofs cutting or cutting very thin boards longitudinally ; the 
tenon faw, with a thick iron back, for making an incifion ot 
any depth below the furface of the wood, and for cutting 
pieces entirely through, not exceeding the breadtii of that part 
of the plate without the iron back ; likewife a fafii faw ar.d 
a dovetail faw, ufed much in the fame way as tlie tenon faw’. 
From the thinnefs of the plates of thefe three laft fawa, 
it is neceffary to ftiffen them by a ftrong piece of metal 
called the back, which is grooved to receive the upper edge 
of the plate that is fixed to the back, and which is there- 
by fecured and prevented from buckling. When it is re- 
quired to divide boards into curved pieces, a very narrow faw 
without a back, called a compafs faw, is ufed, and in cut- 
tinjg a very fmall hole a faw ot a fimilar defeription, called 
a key-hole faw, is employed. All thefe faws have their 
plates longer and thinner, and their teeth finer, as they fuc- 
cced each other in the order here mentioned, excepting the 
two laft, which have thicker plates and coarfer teeth than 
either the fafli or dovetail faw. The external and intei nal 
angles of the teeth of all faws are generally formed at an 
angle of 6o degrees, and the front edge teeth (lope back- 
ward in a fmall degree, but incline or reemne from the ftraight 
line drawn from the interior angle perpendicular to the edge 
in the plane of the plate, as the faw may he employed in rip- 
ping or in crofs cutting,or cutting perpendicular to the fibres. 
The teeth of all faws, except turning and key-hole faws, 
are bent on contrary fides of the plate, each two teeth fiic- 
ceeding each other, being alike bent on the different fides of 
the plate ; v/z. the one as much to the one fide as the other 
is to the other fide, and confequently all the teeth on the 
fame fide alike bent throughout the length of the plate for 
the purpofe of clearing the fides of the cut which it makes 
in the wood. 

Of all cutting tools w^hatever, the faw is the mod ufe- 
ful to the joiner, as the timber or wood which he em- 
ploys can be divided into flips or bars of any fize, with no 
more wafte of ftuff than a flice, the breadth of which is 
equal to the depth of the piece to be cut through, and the 
thicknefs equal to the diftance of the teeth between their 
extreme points on the alternate fides of the faw meafured 
on a line perpendicular to the faid fides ; wliereas, without 
the ufe of the faw', cylindrical trees could only be reduced 
to the intended fize by means of the axe ; in the ufe of 
wliich there would not only be an immenfe confumption 
of ftuff, but alfo much greater labour would be required to 
ftraighten it. 

Joiners ufe a fmall axe, called a hatchet, for . cutting off 
the fujierfluouB wood from the edge of a piece of a board, 
when the wafte is not of fufficicnt confequence to be fawn. 

All the above are w liat- are commonly denominated edge 
tools, but there are others required to regulate the forms. 
All angles whatever are formed by other reverfed angles of 
the fame number of degrees as an exterior angle by an 
interior one, and the contrary. The inftrument for trying 
right angles is called a fquare, and thofe for trying oblique 
angles are called bevels. The two fides which form the 
edge of a fquare are always ftationary, but thofe of bevels 
are generally moveable one leg upon the other round a joitU. 
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f n !bmc cafcB, where a great number ef pieces are required 
to be wrought to the fame angle, a ftationary bevel, called a 
joint hook, is ufed. 

When it is required to reduce a piece of fluff to a parallel 
breadth, an inftrument calkd a gage is ufed for the ptirpofe. 
The gage confills generally of a fquare piece with a fquarc 
mortife, through which a bar at right angles thereto is fitted 
and made to Aide. The bar, which is called the ftem, lias 
a (harp point, cutter, or tooth at one extremity, projedting a 
little from the furface, fo that when the fide of the gage, 
next to the end which has the point, is applied upon the 
vertical furface of the wood, with the flat fide of the flem 
which has the tooth upon the horizontal furface, and pufhed 
and drawn alternately by the workman from and towards 
him, the cutter wili make an incifion from the furface into 
the w^ood, at a parallel difiance from the upper edge of 
the vertical fide on the right hand. This line, fo drawn, 
will mark out with precifion, and fiiew the fuperfluous ftuft* 
to be taken away. 

When a mortife is required to be cut in a piece of wood, 
a gage with two teeth is ufed. The conftrudlion of this 
inurnment is the fame as the common gage ; but in addition 
thereto, the ftem has a longitudinal Aider with a tooth pro- 
jedting from the end of the Aider, fo that the two teeth 
may be brought nearer, oc to any remote diftance from 
each other, at pleafure ; and alfo to any diftance, from the 
face of the head or guide within the reach of the ftem. 

Wlien wood has been planed, and required to be fawn 
acrofs the fibres, and as it is neccAary to be kept ftationary 
while fawing, in order to prevent the fides or the edges 
frotn being bruifed, joiners ufe a flat piece of wood with 
two projedtin? knobs on the oppofite Tides, one at each end, 
called a fide hook. The vertical fide of the interior angle 
of one of the knobs is placed clofe to the vertical fide, and 
the under fide upon the top of the bcncfti ; then the wood is 
prefTed againft the knob which pr«je£ls from the upper 
furface while it is cutting with the faw : but the ufe of 
two fide hooks is better, as they keep the piece of wood to 
be fawn more ftcady. 

When it is required to cut a piece of wood to a mitre 
with one fide ; that is, to half a right angle, joiners ufe a 
trunk of wood wiih three fides, like a box without ends, or 
a top, the fides and bottoiu being parallel pieces, and the 
fides of equal heights : through each of the oppofite fides 
is cut a kerf in a plane, perpendicular to the bottom, at 
oblique angles of 45 and 135: degrees, with the planes of the 
fides ; and another kerf is made in the fame manner, fo at 
to have its plane at right angles to the former. The trunk 
thus conftru£led is called a mitre-box. When the wood is 
to be cut, tlie mitre-box is fixed fteady againft two fide 
hooks, and the piece, which is always lefs than the interior 
breadth of the mitre-box, is laid within, and prefTed againft 
the farther interior angle of the mitre-box with the fide 
downwards, to which the faw-kerf is intended to be per- 
endicular, and in this pofition it is to be cut. The two 
erfs ill the fides of the mitre-box are requifitc, in order to 
form the acute angle on the right or left-hand fide of the 
piece, as may be required. 

When it is required to make a piece of wood ftraight in 
one dire£lion, joiners ufe a Aip of wood ftraightened on one 
edge, from which the flip of wood itfelf is called a ftraight 
tfdge. Its ufe is obvious ; by its application it will be 
feen whether there is a coincidence between the ftraight edge 
and the furface. 

When it is inquired to know whether the furface of a 
piece* of wood is in the fame plane, joiners ufe two flips of 
wood ftraightened each on one edge with the oppofite edge 
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parallel, and both pieces of the fame breadth between the 
parallel edges : each piece has therefore two ftraight edges. 
Suppofe it were required to know whether a board is 
tv.nftcd or its furface m a plane, the workman lays one of 
the Alps acrofs the one vmd, and the other acrofs the other 
end of the board, W'ith one of the ftraight edges of each 
upon the furface ; then he looks in the longitudinal direction 
of the board, over the upper edges of the two flips, until his 
eye and the two upper edges of the flips are in one plane ; 
or otherwife, the intcrfe£lion of the plane, palling through 
the eye and ihe upper edge of the ncareft flip, intcrfedl the 
upper edge of tlie farther flip. If it happen as in the r>rn cr 
enfe, the ends of the wood under the flips are in the fame 
plane; but fboiild it happen as in the latter, they are net. In 
this laft cafe the furface is faid to wind ; and when the fur- 
face is fo reduced that every two lines are in one plane, it 
is faid to be out of winding, w liich implies its being an en- 
tire plane ; from the ufe ot thefe flips they are denominated 
winding Hicks. 

Before we can proceed to the method of bringing a yough 
furface to a plane, it will fir ft be iiecelTary to fbew how to 
make a ftraight edge or nillcr. 

Here the joiner mu ft not lofe fight of the definition of 
a ftraight line, viz. a ftraiglir line is that which will always 
coincide wdth another ftraight line, however applied to- 
gether. 

The operation of making the edge of a board ftraight ia 
called by joiners fliooting, and the edge fo made is fuid to 
be /hot. 

Straight edges may be thus formed ; plane the edges of 
tw'o hoards and apply them together, fo that the fuperficies 
or faces of the boards be in the fame plane, and if there 
be no cavity between the joint the edges will be ftraight j 
but if not, the faces mull be applicci to each other, the 
edges brought together, and planed and tried as before, until 
they are found to coincide. 

Another mode is by having a plane furface given ; plane 
the edges of a board as ftraight as the eye w'Ul admit of, 
and apply the face of it to that of the plane, and by the 
edge of the board draw a line, turn the board over with 
the other fide upon the plane, and bring the planed edge 
to the line drawn before, and the extremities of the edges 
to their former places, and draw another line ; then if all 
the parts of this line coincide with the former line, the edge 
is already ftraight, but if not, repeat the operation as often 
as may be found neceflary. 

Another mode is to plane the edge of a board as ftraight 
as the eye will admit of ; then plane the edge of another 
board until it is made to coincide with the former ; take a 
third board and plane the edge of this in like manner, by 
making it coincide with the edge of the firft board ; apply 
the edges of the two laft boards together, then if they 
coincide the operation is at an end, but if not, repeat it as 
often as may be found neceflary. 

By any of the metliods now (hewn, the fuperficies of the 
boards, to be (hot, are fuppofed to be parallel planes not 
very diftant from each other ; for if the faces be not parallel, 
or if the thicknefs be conliderable, the operation wdll be the 
more liable to error. 

7 § reiiuce the rough furface of a hctly to a plane, — This 
wili not be very difficult, when it is known that a phaiv i* 
that which will every where coincide with a ftraight tine. 

The moft pradical methods are the following ; l..ct tli^ 
workman provide two winding flicks, and apply them as 
before diredled, making the ends out of winding if tliey 
are not found to be fo ; then if all the parts of the furface 
are ftraight on which th^ edgCJ of the windi. g fticka were 
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|l*ced, it ii etident that the whole furface mull be plane. 
If the furface ii hollow between the faid linei, one of the 
end* or both tnuft be planed lower, until the furface acquiiet 
« fmall convexity in the length, and then/if ftraightened be- 
tween the ftraight lines at the ends, it will be a perfed 
plan^e 

Another mode of forming a plane of the furface is of a 
quadrilateral form : apply a ruler along the diagonals, then 
if they are ftraight they are in a plane, but if they are both 
hollow, or both round, the furface to be reduced is either 
concave or convex, and muft be ftraightened in thefe di- 
redions accordingly ; and, laftly, if by trying acrofs the 
diagonals with the ftraight edge it be found that the one 
be hollow and the other round, the furface of the board 
winds. In this cafe bring down the protuberant piart of 
the convex diagonal, fo as to be ftraight with the two ex- 
tremities ; then ftraighten the concave diagonal, by planing 
either of the two ends or both of them, according as the 
thicknefs of the board will require. Both diagonals being 
now ftraight, traverfe the wood, that is, plane it acrofs the 
libres, until all the protuberant parts between the diagonals 
are removed ; then the workman may proceed to fmooth it 
by working it in the diredion of the fibres. 

To join any number of planh together^ fo as to form a board of 
ii dctermhwtc breadth^ the fibres of each running longitudinal to 
ihefe of any other — sShoot the twp edges that are to be joined ; 
turn the tides of the boards towards each other, fo that the 
edges that are (hot may be both uppermoft ; fpread thefe 
edges over with ftrong glue of a proper confiftence, made very 
hot ; one of the boards being fixed, turn the other upon 
it, fo that the two edges may coincide, and that the faces 
may be both in the fame plane ; *rub the upper one to and 
fro in the dirediqn of the fibres till the glue is almoft out 
of the joint ; let thefe dry for a few hours ; then proceed 
to make another joint ; continue to join at many boards 
or planks in the fame manner, till the whole intended 
breadth be made out. If the boards or planks of which the 
board is to be compofed are very long, the edges that 
are to be united would require to be warmed before a fire ; 
and, for rubbing and keeping the joints fair to each other, 
three men would be found neceflary, one at each extr^ity, 
and one at the middle. Boards, glued together with this 
kind of cement, will ftand as long as the fubftance of the 
deals or planks compofing them, if not expofed tp rain or 
intenfe heat, provided that the wood has been well leafoned 
beforehand, and that the grain be free and ftraight, uninter- 
rupted with few or no knots. Wlicn a board which is to 
be expofed to tlie v.eather is to be made of fcveral boards 
or planks, the cemeiit to be ufeJ for uniting them ftiould 
not be of fi<in glue, but of white lead ground up with lin- 
lecd-oil, fo thin that llie colour may be lenlibly changed into 
a whitifn call : this kind of glue will require a much greater 
tune to dry than ficin glue. Boards to be expofed to the 
weather, when tl cir iliickncfs will admit, are frequently 
longwed togetl er ; is, the edges of both boards are 
grooved to an ccjual diftance from the faces, and to an 
equal depth ; and a flip of wood is made to fit the cavity 
made in both : this Hip (hould be made to fill the grooves, 
but ought not to be fo tight as to preveut the joint from 
being rubbed \fith proper cement. 

7b glue an) trvo boards together forming a given angle*— 
This may either he accomplilhed by ftiooting the edge of 
the one board to the whole of the given angle, and the 
face of the other ftraight; then, by applying thefe two 
fnrfr.ces together, and rubbing as before, t!i *y will form the 
angle required ; or, if the two edges ?.rv 0*ut to half the 
given angle, and the edges applied logtiher and rubbed and 
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fet at before, the facet of the boards will form the angle 
•re^ulr^. In both thefe methods, when only one fide of the 
board! is to be expofed to fight, which is moft commonly 
the cafe, pieces of wood csuled blocks are fitted to the 
angle, and the fides glued acrofs the joint or legs of the 
an^e, being previoufiy planed for that purpofe. 

7b form nuooden architraves for apertures by gluing longi* 
tudinal pieces Architraves may be formed out of 

the folid pieces ; but as their formation in this way is at- 
tended witli a wafte of both ftuff and time, the moft eligible 
method is to glue the parts longitudinally together, as ia 
heft adapted to the nature of the mouldings. Architraves 
of the Grecian form, for doors and wdudow'S, generally 
confift of one or two faces in parallel planes, the one of 
which recedes only in a fmall degree from the other, while 
the outer edge ia terminated with one or feveral mouldinga 
which have a very prominent projedtion. In tills cafe make 
a board of fuflicient thicknefs, and in breadth equal to the 
breadth of the architrave : prepare a flip of wood of a fuf- 
ficient thicknefs and breadth for the mouldings on the outer 
termination of the architrave ; glue this flip upon the face 
clofe to the edge of the board, with the outer edge flufk 
therewith. In the operation two men will be at fcaft re- 
quired to rub the flip to a joint with the board ; and as it 
often happens that the fide of the flip, which is to comply 
with the furface of the board, is confiderably bent, the flip 
is nailed down to the board ; but, previoufly, fmall fquare 
pieces of wood, called buttons, are bored with holes, one in 
each, and a nail is put through the hole to the head ; then 
the flip is alfo bored with a brad-awl ; and the nails, with 
the pieces thus deferibed, are entered and driven home ai 
far as the buttons will permit. The buttons may be about 
three quarters of an inch thick, and the other two dimen - 
fions each equal to, or fomething more than, the breadth 
of the flip. The flip is fometimes grooved ; and the edge 
of the board is tongued, glued, andinferted in the groove, 
inftead of the above method. Sometimes, alfo, the two 
faces are made of different boards tongued together at 
their joining ; then the whole is afterwards ftuck into 
mouldings. 

To form the furface of a cylinder with wood^ whofe fhres 
are in planes perpendicular to the axis of the cylinder^ fuch as 
may be ufed in circular dado^ or the Joffits of windows. 

Method I. — When the dimenlion ot the cylindric fur- 
face, parallel to the axis, is not broader than a plank or 
board; this may be done by bending and gluing fcveral 
veneers together; and the firil upon a mould or brackets, 
the edges of which are in the furface of the propofed cy- 
linder parallel to its axis. 

Tlxis may be accomplifhed by means of two feta of 
brackets fixed upon a board with hollow cylindric fpace 
between them, of fufficient thicknefs for taking in the 
veneers, and double wedges for confining tliem. If this 
operation is carefully done, and the glue properly dried, 
the wedges may be flackened, and the cy.liiuiric part fo 
glued up will be found te? ftand very well ; but it muft be 
obferved, that, as the wo«d has a natural tendency to unbend 
itfelf, the curve furface, upon which it is glued, (hould be 
fbmewhat quicker than that intended to be D\ade. 

Some workmen take another riethod by forming a hol- 
low cradle, and bending the vcneeri int<* it, and confining 
their ends with wedges, which comprefs them together ; 
and by a very fmall degree of rubbing, with a hammer 
made for this purpofe, the glue will be forced out of the 
joint. 

Another method is to form a cradle or templet to the 
intend*»d furface, and lay a veneer upon it ; then glue blocks 
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#f wood upon the back of It, clofely fitted to its farface, and 
the other joints to each ocher, the fibres of the blocks cor* 
refponding with thofe of the veneer. 

A third method is to make a cradle and place the 
veneers upon it, confining one end of them fpread in the glue 
between the veneers with a bruib, and fix a bridle acrofs, con- 
fining the ends of this bridle cither by nails or by fcrews ; 
open the veeners again, and put in glue a fecond time be- 
tween each two, and fix another bridle acrofs them : pro- 
ceed in this manner to the other extremity. 

A fourth method is to run a number of equi-diftant 
grooves acrofs the back of the board at right anodes to its 
edj^es, leaving only a fmall thicknefa towards the face, let 
this he bent round a craddle or templet made on purpofe $ 
and let the grooves be filled with flips of wood, which, 
after the glue is quite dry, are to be planed down to the 
furfacc of the cylindric board, which may be ftiffened with 
canvas glued acrofs the back. 

Initead of ufing a grooving plane, workmen frequently 
make kerfs with the law ; but this is not fo flrong when 
linifhed, as it is very difficult to infert the flips, and very 
uncertain as to the depth of each of the kerfs, which will 
occafion a very unequal bending of the board, if not to a 
regular depth. 

To bend a boards fo as to form the frufum of a cone^ or 
any fegmental portion of the frujlum of a cone^ fuck as the fojfii 
of the head of an aperture,-^}: ind the form of the covering 
according to the geometrical principles of carpentry ; 
cut out a board to this form, and run a number of equi- 
difiant grooves acrofs it tending to the centre : this being 
fixed to a templet made to the furface of a cone, proceed 
and finifh it in the fame manner as in the lafl method fi\ewn 
fnr a cylinder. 

To bend boards fb as to form a fphertc furface* — Make a 
mould to the covering of a given portion of the fphere 
in piano, according to the geometrical principles of car- 
pentry ; complete tfie number of ftaves by this mould ; 
make a templet or mould to a great circle of the fphere ; 
groove each of the Haves acrofs at right angles to ^ 
line jiafiing through rlie middle, and bend it round the 
templet ; put flips in ^lie grooves ; laftly.lhoot the edges of 
the ftaves, fo to be in planes tending to the centre of the 
fphere : ihefe ftaves being glued together will form afpheric 
furface. 

To glue up the Jhaft of a column — Defcribe two circles of 
diameters, equal to thofe of the iuperior and inferior ends of 
the fliaft. 

Circumferibe thefe by polygonr, confifting of the fame 
number of regular fidos as the column is to conflft of (laves. 

From the ingles draw lines to the centre, which will give 
the bevels for working the edges of the ftaves. In this pro- 
cefs, after two pieces are glued together, and dried, pro- 
ceed to glue a third piece in the fame manner and fo on to 
the Ic^ft but one. The lad, previous to being glued, the 
blocks (hould be fixed upon it, and then the may be 
clofed in. N. B. The number of ftaves (hould be eight or 
twelve, otherwife the joint will fall in the middle of the 
Bates, which (hould not be in the cafe. It is a very good 
method to diminilh the ftaves, previous to their being ^ued 
together, as otherwife the wafte of ftuif would be very 
great. 

To glue up the baft of a column in federal horixontal courfet^ 
or ringSf in order to be turned in a 4t/iir.««-Confider the num- 
ber of horizontal or bevel Joints, which are beft made at the 
internal angles of mouldings \ prepare a board, fo as to have 
a plain fur&ce ; let a cirde be delcribed on the plane of a 
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diameter, equal to the diameter of the greateft circle in the 
height of the courfe, and circumferibe an equilateral poly- 
gon about the circle, with as many fides as there are to be 
pieces in a courfe, and from the angles draw lines towards 
the centre: then any radial line, and one of the adjoining 
fides of the polygon, will form the angle by which the ends 
of every two pieces that are to form the courfe will meet, ft> 
as to make their planes cpincide. The geometrical part 
being thus finifhed, prepare the pieces each in length equal 
to the fide of the polygon, with an acute angle at each end 
from the outer fide, equal to the aforefaia angle on the 
board, fo that each piece will thus have a longer and a 
Ihorter fide : apply the longer fide of each piece to the poly- 
gon, the Ihorter fide being next to the centre, fo that one 
of the ends may coincide with a radial ; then the other end 
will alfo coincide, and thus the whole will meet together, if 
the work be true. But as this is difficult, it is common to 
allow the pieces to be a fmall matter longer, in order to 
plane them, fo at to make clofe work : for though the 
methods be true, the workman, though ever fo careful, can- 
not work to geometrical exa^nefs ; even the thicknefs of 
(having, or the fmalleft degree of twift in the board, will 
fpoil the work. Suppofe the courfe completely jointed, 
take the whole to pieces, and glue the furfaccs which are to 
meet each other, and rub each two adjacent pieces to 
a joint, until the whole ring or courfe is firmly clofed. 
When the glue is dry, plane the upper fide truly ; take the 
radius of the greateft projeding member in tlie next courfe, 
and defcribe a circle upon the top of the courfe, on the fame 
axis with the centre of the lower circle ; and with the centre 
of this circle, in the plane of the top of the courfe, bifed 
any one of the arcs comprehended between two adjacent 
joints ; and from the point of bifedion, divide the circum- 
ference into as many'equal parts as there arc pieces in the 
under courfe, and draw radiating lines towards the centre : 
join every two neareft points in the circumference, ami thus 
an inferibed polygon will be formed ; draw lines to touch 
the circumference parallel to the fides of the iuferibed poly- 
gon, and thus a polygon will be made to circumferibe the 
circle : produce the radiating lines, until they meet the 
angles of the circumferibing polygon ; tlien the fides of the 
circumferibing polygon will be the filuations of the bottom 
edge of tlie vertical outer fides ( f the fecund courfe, and the 
radiations the fituations of the joints. Proceed, as in the 
firft courfe, to adapt the pieces to their refpedive fituations, 
making clofe work : glue each piece to its place on the 
lower courfe, and likewife the joints ; and when the glue 
this courfe is dry, its upper fide may be planed true. Pro- 
ceed with the uppermoll courfe in the like manner, making 
the joints fall in the middle of the lengths of the pieces of 
the lower courfe ; and when finifticd, the work may be fent 
to the turner. 

To glue up the Ionic and Corinthian capitals for carving 
The abacus muft be glued in parts, luch that their joints 
may be in vertical planes. The leaves and caulicoles of the 
Corinthian capital may be firft made of red^ngular blocks, 
and fixed to the vans. 

To make a cornice round a cylindric body out of the leqft 
quantity of vsood* when the body is greater than a hcilf cylinder^ 
and concave^ and when the members will nearly touch a ripht 
line applied tranfverfely, — Draw a fedlion of the cylinder 
through its axis, and let the feftion of the cornice be repre- 
feotea upon the cylindric iedtion. Draw a tranfverfe line 
touching the two extreme members of the comice ; parallel 
to this fine draw another line within, at fuch a diftance from 
the former as may be found neceftary for thicknefs of duff | 
produce this laft liRC, until it meet the line reprefenting the 
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axis of the cylinder. The jun^lion will either be above or 
below, according as the cornice is applied to the convex or 
concave fides of the cylinder. This meeting is the centre of 
two concentric circles, whofe radii are the diftances between 
the neared and farthed extremes of the feftion of the cor- 
nice. This is evidently an application of the method of 
finding the covering of a cone. When mouldings are got 
out in this manner, viz, by a piece which does not occupy 
the fpacc, when fet to the place reprefented by the height 
and breadth, they are faid to be fpning. 

When a cornice is to have iiuu h projedtion, the corona 
or middle part is got out of a folid piece, and the parts 
above and below, or one of them, as may be found necef- 
fary, only fet to the fpring, and fupported by brackets. 

To ikfenhe the various kimls of joininrs in the pradice of 
j/mery, — Fi^. i. PAr/rXXII. is a lV*«£lion fliewing the moll 
iiinple method of joining boards, or any kind of framed work 
together at tlie angles ; this kind of joining is much ufed 
in coarfe work ; it is called lap-Jo^iiiig. 

Fvt, 2. the method of joining troughs together. 

Fig. 3. the method of joining dado together at an internal 
angle. 

Fig, 4. the manner of fixing two pieces of framing toge- 
ther at the angle of their meeting \v itli a returned bead, in 
order that the joint (hould be concealc d. This is only ufed in 
common linifhings ; in good finilhings a bead of ^ths of an 
inch broad is generally run clofe to the joint, and the angle is 
left entire. 

F’g, 5. Hicws the common method of mitring. This form 
is always ufed in mouldmgs at an external angle, and fome- 
tirnes alfo in internal angles : but for internal angles, feribing 
is to be prcfciTed, when it can be applied, which may always 
be the cafe, when there are no quirked mouldings; that is, 
when mouldings are fwch that a perpendicular line to the 
plane of the wall may fall upon any part of them without 
going through the folid of the moulding. 

Fig, 6 , is another method of mitring. Tin's may be ufed 
in all plane furfaces, at an external anj^e, but is not applica- 
ble to moulding 1. This manner of mitring is much more 
preferable in point of llrength to that of Jig, j, in cafes 
where the two can be applied. 

Dove-tailing is another mode of joining two plane furfaces 
together at an angle, by cutting pins of a prifmatic form 
and trapev.oidal fedion on the end of one piece, and notching 
the end of the other in the fame manner, I'o that the exterior 
parts of the one h adapted to the indentations of the other, 
without leaving any cavity when the two fides are brought 
home to their places. This is the ftrongell method of join- 
ing plane hoards ; it fliould always be ufed in work which 
may be required to be moved from pi ice to place. There 
•are three forts of dove-tailing. Oiie kind, called common 
dovc-t-iiling, Ihevvs the ends of the joints ; another kind, called 
l:iu-dovc-tciiling, conceals the joints of the dove-tails, but 
ihewsaftraight joint, not at the angle, but at a fmalldillance 
parallel to it. The third fort is called mitre dove-tailing, 
which fhews no joint but iu the angle. This method is very 
m-at, it isllrongtr than the (Iraighl joint flicwn by the fre- 
tiivi fi<f, 6, and "where both llrength and beauty is required 
• it nui Tt be preferred to any other. Fi^, 7, N 1 , is a fedion 
of common dove-tailing ; N 2, the fide of one of the \ ieccs 
(hewing the pins ; N 3, (hews the ends of the pins ; N ' 4. 
the fide of the other piece, (hewing the indentations for re- 
reiving the pins. 

Fig 8. I, 2, 3, 4, and y, different parts of mitre 
dove-tailing. 

Jp join two pieces of wood together j the fires of the one run'- 
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ning tranjverfely to the fhres of the other hy moriife anJ tenon 
or dove-tailing, — One method is by cutting a mortife to a 
very fmall depth in the one piece, and 'a tenon of the fame 
length in the other, and by bolting them together with one 
or two bolts ; where the breadth of the piece having the 
tenon is confiderable, the nuts are to be let in from that fide 
of the tenoned piece which is not expofed to fight ; the heads 
of tlie bolts upon the mortifed piece may be funk into the 
wood entirely below the furface, and the cavity may be filled 
up with a piece of the fame kind of wood, neatly fitted in. 

Deftnithns, — T. A frame, in joinery, is the connedtion of 
fevcral pirceu of timber of an eciual thicknefs, joined tranf- 
verfely to each other, made fail by means of mortifes and 
tenons, leaving redtangiilar fpacc s between for other pieces of 
timber, culled panncls, each of which is inferted into each 
edge of tlie former by means of a groove. 

2. Thofe p.trtb of the frame which terminate the two ver- 
tical extremes are called llylcs. 

3. The horizontal parts, whicli are mortifed into the 
ftyles, are called rails. 

4. If there be anv intermediate pieces mortifed into the 
rails, paralK 1 to the llyles, fucli pieces are called muntona. 

In framed-worl:, rails have feveral epithets, according to 
their fituations ; that bordering the framing at the lower ex- 
tremity is called the bottom rail, that bordering the framing, 
at the other extremity, is called the top rail. The names of 
intermediate rails vary according to their number and fitua- 
tion. In doors, that in which the lock is inferted is called 
the middle, or lock rail ; the intermediate rail next to the 
top rail, is called the frieze rail. 

Doors, — A door, in joinery, is a framed piece of timber^ 
work, or boards nailed together, for the purpofe of (hutting 
up at jdeafiire any aperture in a w’all or partition, in order to 
give or prevent paffage from one apartment to another. 

Plate XX III. fg. I, is a four cqual-panuelled door ; the 
form is only ufed in very common work, and is frequently 
without mouldings. 

Fig, 2. is a nine-pannclled door, with fquare panncls at the 
top. Tiiis form is frequently ufed in (Ircet-Joors, of wlmh. 
the back is often lined with boards, in the manner of fg, 3, 
fludi with the (lyles and top rail ; the other rails and mun- 
tons mull therefore be receded upon one fide to receive the 
boarding. 

Fig. 4. is a fix equal-panncllcd pair of folding-doors, hav# 
ing two pannels in the breadth. 

Fig. is a double margin, or a pair of fold ing. doors, 
with four panneis in height, and two in breadth, having 
lying panncls below tlie lop-rail, and above the lock-rail. 

Fir, 6. is a ten-pannclled pair of folding-doors, five in 
heighr, and two in breadth, having lying pannels at the top^ 
bottom, and in the middle, with long pannels between them. 

Of this form is the ancient door of the Pantheon at Rome, 

Fig 7. a fafb-door ; this form, if not (hut with another 
feparate door, (liould have (liifting-lhutters, to cover the- 
glafs parts, fixed with bolts and nuts. I'or this purpofe, it 
(hould at lead be one inch and a quarter thicker than apan- 
nelled door in the fume phice * this gives room for theoutiide 
of the (luillcr to be flulu with the 11) lea of the door ; but if 
olhervvife, an ugly frame mud be patclied round tlie glazed 
parts, in order to contain the (butter. 

Fig, 8. an ancient door', of which form are the wdndowa 
andddor of the temple of Veda at Rome, and allb thofe o£ 
the temple of Eretheus at Athens. 

Figs, 9 and 10.' are doors of communication, or fuch as, 
when open, will not encumber the door, as other kinds of 
receded Jbors, by jetting into the room^ but may either be 
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concealed entirely within the partition, or folded clofe to it : 
they are ufed for the purpofe of making a free communica* 
tion between one room and another, at great meetings or 
balls, when any one of the rooms would be infuificient 
though large enough for common ufe. 

Fig. 9. the elevation of i door to be folded clofe to the 
partition, by means of a hanging ftyle, or piladcr, on each 
ude which is hrll hung to the jamb, then a folding door to 
each pilafter. 

Fig. 10. is a door confiding of four parts: each middle 
part IS hinged to each extreme part ; each two parts, on 
each fide, in time of company, may be removed entirely 
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out of the way into hollows on each fide of the partition, 
and guided by grooves at the top and bottom, and made to 
Hide freely upon rollers. 

Fig. ii. is a ]ib*door, that it, fuch a door as, when (hot, 
may be as much concealed as polTiblc from having the ap. 
pearance of a door. Jib>doors are ufed, when only one 
aperture at the end of the fide of a room is necefiary ; and 
when it is required to keep the fymmetry of that fide, without 
having the appearance of a door; the bafe, furbafe, and 
paper are, therefore, continued over it as in the other parts 
of the room, the joint being only feen at the top, and upon 
the edge oppofite the hinge. 
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IRON, Eiferiy Germ. /Vr, Fr Ferrum^ Lat. Ferro^ 
Ital. Jeretti Swed. JemU Dan. VaSs Hung. UxtrrOy Span. 
JalazOi RufT. Ferro^ Port , Gr. 7f *13 {Bharzel^ 
or Fartd)i Heb. Marst Alchem. • * 

The ufe of this metal is of very hi^h antiquity, though 
not fo remote, there is reafon to believe, as that of either 
go'd, filver, or copper. The inferior brilliancy of its colour 
may, pcrhapsi inlome degree) account for this circumfbncc ; 
as well as the greater Ikill required to obtain it from its ore.v 
and convert it to the purpofes of art. It is mentioned fre- 
quently in the pcntateuch ; and was, in the time of the cele- 
brated writer of that hiftory, employed for the fabrication 
of fwords, knives, and v«irious other fliarp-edged iiiftru- 
ments. We may form fomc eltimate of the value that was 
then attached to it, from an expreifion in the eighth chapter 
of Deuteronomy, where Mofts tells the IfraclileSi in his 
deferiptive eulogy of the Land of Promife, that it is aland 
whofe ftones are iron, and out of whofe hills*' they may 
“dig brafs." A circumdance, illullrativc of the fame faft^ 
at a later date, is furnillied about 400 years fubfequent to- 
that period, when Achilles propofed a ball of iron ai one of 
the prizes to be diftributed to the vidors at the games infli- 
tuted in honour of Pairoclus. (ihxSo:^ t.) The art of 
working it appears, in the courfe of a few fucceeding cen- 
turies, to have arrived at confiderable perfeftion 5 for, accord- 
ing to the information of Herodotus (Clioxxv.), afaucer 
of the metal, very curioufly inlayed, was prefented by 
Alyattcs, king of Lydia, to the Delphic oracle, which, he 
fays, “ is of uirprifing workmanfhip, and as worthy of ob- 
fervation as any of the offerings preferved at Delphi.'^ The 
durability of iron, and its indifpenfible afliftance in the pre- 

i iaratioD of every other metal, make it one of the molt va- 
uable poifeflions that has been bequeathed to the ufe of civi- 
lized man. “ Without it," obferves Fourcroy, “agricul- 
ture could not have exifted, nor could the plough have 
rendered the earth fertile. The philofopber, while he 
ftudies the progrefs of the human unaerftanding, and com- 
pares the fortune and ftate of tlw different nations eftablifhed 


on various portions of the iurlace ot the globe, will remark, 
that their iron-works feem, in fome mcafure, to be propor- 
tioned to their intelligence, to the advancement ox rcafou 
amongft them, and the degree of perfeftion to which th^ 
arts have arrived. When we confider it in this point of view^ 
as the agent by which men, in the variety of its ufes, and the 
numerous wants it fupplies, acquire enjoyments which would 
be unknown to them if they did ijot poffefs thefc produfts of 
their induftry, iron mutt Angularly contribute to extend their 
ideas, to multiply their knowledge, and to conduft their 
fpirit towards that perfeftibility, which nature has given no 
lefs, as the charafter of the human fpecies, than as the 
fource of all the advantages it can enjoy." Syft. vol. 6. 

Iron is a malleable and duftile metal, of a blueifli-white co- 
lour ; is fufceptible of a very high polilh, and of the fpeci- 
fic gravity, according to the tables of Mufchcnbroeck, Swa- 
denburg, and Briflbn, of from 7.600 to 7*895, and even 
8.166. It is foluble in moft acids, and precipitable from its 
combination with them, by various re-^ents, which will be 
hereafter pointed out. With the Prullic acid it forms that 
beautiful pigment known in commerce, and the arts, by the 
name of Prujftan Hue; and in a variety of other ways, con- 
ftitutes the bafis of many valuable preparations. The com- 
binations under which it is exhibited to us in nature are de- 
tailed in the following feftion. 


f 1. Oresoflron* 

Sp. 1 . Native iron. Gediegen^ei/en. Fernatif. Femtmna- 
tivum. 

Its colour is fteel-grey, pafGng to filver-white. Occurs 
only in a ramofe form j the maffee alluded to by Brochant 
and others being now confidered of meteoric origin. Surface 
gliftening. Internally it is intermediate between gliftening 
and glimmering ; and its luttre m etallic. Frafture hackl)^ 
It is rather fou, is completely maHeabk, and flexible witL 
out being elaftic* Sp. gr. 7.8^ 
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A fpccimcn from a mine near Kamfdorf, in Saxonj^ 
yieldedi according to Klaproth^ 

Iron 97. 

Lead 6.0 
Copper i.f 


100.0 

'The varieties which contain nickel are meteoric. 

It is found in detaghed mnfTes, \vhic*h are ulnally covered 
with an ox yd of a Lrownifii colour. 

The places of its occurrence arc Kamfdorf and Eiben- 
llock, in Saxony ; Oullc, near Grenoble, in France ; and 
fonic others. 

Sp. 2. Iron Pyrites. Schzvifellics. La Pyrite Suifu- 
ri'ft/e, Ferrum MinsraUfatum Pyrites. 

Tiiis very abundant mineral is divided by Werner into 
five fubfpecies, common, radiated, capillary, hepatic, and 
cellular. 

Subfp. I. Common Colour bron2e-yello\r, paflT- 

ing fometimes to gold*yellow. Occurs inaflive and diffc- 
ininated. It is very frequently alfo cryilallized. Its forms 
are the cube, either perfeA or truncated, the oftahedron, 
-dodecahedron^ and fometimes, though very rarely, the icofa- 
bedron. The cry dais arc in general fmall ; except the cube, 
which is middle-fized. Their furfacc is either fmooth or 
ilreaked, and varies from glimmering to fplendcnt. Inter- 
nally it is fhining or gliftening ; and its Iiidre metallic. 
Fradture even ; fometimes conchoidal. It is hard, brittle, 
rather eafily frangible, and heavy. Sp. gr. from 4.600 to 
4.8:11. 

Expofed to the blow-pipe, it exhales a ilrong odour of 
fulphur, and burns with a bltieilh flame. It afterwards 
pafTes into a globule, obedient to the magnet, of a brownifh 
colour ; and treated with glafs of borax, communicates to 
it a tint of a dark dirty green. It appears to be compofed 
of about 52. J fulphur, and 47.^ iron. 

Its occurrence is almoft univerfal, both with reference to 
freograpbic arrangement, and the mineral formations in which 
it is prefented. 

Sukfp. 2. Radiated Pyrites , — Colour bronze-yellow, of a 
paler hue than the preceding ; pafling fometimes to hrafs- 
yellow. Surface tarnifhed. Is found maflive and reniform, 
alfo uniform, globular, and crvftallized. The fliape of its 
cryftals is cubic, and odlahedrat ; the latter being fometimes 
truncated on the angles. The external luftre varies between 
fplcndent and gliftening. Internally it is gliftening and 
glimmering. Fradture ufually radiated ; fometimes uneven 
and fibrous. Fragments uniform. Occurs in coarfe and 
large-grained diftindl concretions, alfo lamellatcd and co- 
lumnar. It is hard, brittle, very eafily frangible, and heavy, 
but lefs fo than the foregoing fubfpecies. Emits a fiil- 
phureous odour when ftruck, or rubbed. Sp. gr. from 4.698 
104.775. 

Before the blow-pipe it exhibits the fame appearances as 
common pyrites, and is conftituted of about 54 parts of ful- 
phttr, and 46 of iron. 

It k confiderably rarer than the preceding, and is found 
in veins, particularly thofe which contain lead or filver. 

The places of its occurrence are, amongft others, Corn- 
wall and Derby fhtre, in England ; Arendal, in Norway ; 
and in various diftridh of Suabia, Saxony, and Bohemia. 

Subfp. 3* Capillary /^yn/<rx.— Colour bronze-yellow, in- 
clining more or lets to fteel-grey. Occurs in very fine capil- 
lary cryftals. Luftre (hining or gliftening ; metallic. Brit- 
ile, and ia a fmall degree ilex£le« fmallnefs of its 
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cryftals prevents a more particular account being given of 
ks charadler. 

Its chemical properties are the fame as ihofe of common 
pyrites. 

It is never met with but in very fmall quantity, and is the 
moft rare of ail the varieties of pyritic iron. It is mofi 
ufually accompanied with quartz, kad-glancc, or galena, and 
fluor and calcareous fpar. 

Is found at Annaberg, Sclinecbcrg, and Johanngcorgen- 
ftadt,in Saxony ; at Andrcafl)erg, in the Hurt/. ; and other 
places on the continent of Europe. The capillary pyrites, 
according to Klaproth's analyfis, is nc" an iron-ori*, but 
nickc*, mixed with a fmall portion of cobalt and arfenic. 

Subfp. 4. Hepatic Pyrites.— colour is intermediate 
between bronze-yellow and ftecl-grey, pafling fometimes en- 
tirely to the latter. On expofiirc, the irefli tradlure changts 
to a brou^n. It is found maflive, and under a variety of 
other forms, as ftaladlitic, cellular, See. alfo cryftallized. 
The fliapc of its cryftalline arrangement is prifmatic, pyra-* 
midal, and tabular, catli with fix fides. Lulire glimmering, 
inclining to gliftening ; metallic. Fradlurc even, palling fome- 
times to uneven and impcrfcdlly conchoidal. Fragments in- 
determinate, (Itarp-cdged. Hard, rather inclining to foft, 
brittle, eafily frangible, and heavy. 

This fubfpecies is (aid to contain arfenic. It decompofrs 
very eafily on expofurc to air, which renders it very diflicult 
to be retained in mineralogital colleclions. 

It occurs only in veins, and in thofe principally which 
contain red filver ore, galena, blende, common pyrites, and 
fparry iron-ftone. The earthy minerals that acccompany it 
are, for the moft part, quartz, fulphat of baryt, and calcare- 
ous and finer fpar. 

It is found in Derby (hire ; at Joachim fthal in Bohemia ; 
Annaberg and Freyberg in Saxony; and in various parts of 
Sweden, Norway, and Siberia. 

Subfp. 5. Cellular Pyrites. — Colour bronze-ycllow, a 
good deal inclining to fteel-grey. Tarnifhes by expofurc, 
and then becomes of a grey tint. Occurs maflive ; but its 
moft common appearance is cellular. Cells drufy on the 
furface. Luftre gliftening, Frafture conchoidai. Frag- 
ments (harp-edged, indeterminate. Brittle, and in a flight 
degree flexible. 

Its occurrence is in veins, wlicre it is accompanied, accord- 
ing to the ftatement of profefTor Jamiefon, with hepatic and 
common p) rites, lead glance, fparry iron-ftone, nickel, 
iron-ochre, brown-fpar, licavy-fpar, fluor-fpar, and quartz. 

Is found at Johanngeorgenftadt, in Jthe eledorate of 
Saxony, 

Sp. 3. Magnetic Pyrites* Magn^ flics. La Pyrite mag* 
netique. Ferrum miner alifai urn magnetico pyritaceum. 

Colour copper-red, inclining much to bronze-yellow, and 
even to pinchbcck-brown. Tarniflies on expofurc, becom- 
ing then brown. Occurs maflive and diffeminated : has 
never been found under any other form. Internal luftre 
gliftening, or (hining ; metallic. Fradure uneven, and fome- 
times imperfcdly conchoidal : when the latter, it has a 
luftre bordering on Wendent. Fragments indeterminate, 
rather blunt-edgcd. Intermediate between hard and femi- 
hard. It is brittle, eafily frangible, and very heavy. Is 
attraded by the magnet. Sp. gr, 4.516. 

Treated by the blow-pipe, it emits a flight fulphureous 
odour, and melts with great facility into a greyilh-black 
globule, which is attraded by the magnet, and colours bo- 
rax black. It is compofed of 36.5 fulphur, and 63.5 iron. 

It occurs only in the clafs of rocks denominated primi- 
tive ; and there only in beds. The minerals which ufually 
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accompany it afe galena, magnetic iron-ftone, arfenicai 
pyrites and tin (lone; with alfo quartz, garnet, ftrahldein, 
hornblende, Ccc. 

Its geographic dlftribution is rather exten five. Amongft 
nrauy other mPtances, the following may be enumerated : 
Moel Elion, in Caernarvon (liirc, North Wales ; Gcyer, 
Breitenbrunn, See, in Saxony 5 Bodenmais, in Bavaria ; and 
in different parts of Norway and Siberia. 

Sp. 4. Magnetic Iron-jlone. Magneteifenjlein* Le fer 
magnetique, Ferrum ma^es. 

Werner divides this into two fubfpecies ; namely, com- 
mon magnetic iron-ftone, and magnetic iron-fand. 

Subfp. I. ^Magnetic Iron-Jlnne. — Colour iron-black, in- 
clining fometimes to perfect black, and fometimes to ftcel- 
grey. Occurs maftivc, diffeminated and cryftallized. The 
Form of its cryftala is the cube, perfed or truncated ; the 
octahedron, which is alfo fometimes varied by truncation ; 
the garnet dodecahedron, and the rectangular fonr-fttied 
prifm, terminated by four planes, placed on the lateral 
edges, as in the hyacinth. Thefe crylhda vary much in 
iize. The dodecahedrons and odtahedrons have their faces 
fmooth ; but the planes of the fonr-fided prifm are tranf- 
verfely ftreaked. Luftre externally fliiniug ; internally va- 
rying from glimmering to fplendent. I rapture finail and 
fine-grained, uneven, approaching fometimes to fniall con- 
choidal, and imperfect foliated. Fragments indeterminate, 
rather ftiarp-edged. Occurs fometimes in granular diftinClt 
concretions. It is femi-hard, pafting to hard j brittle ; when 
in cryftals diflicnltly frangible, and heavy, Sp. gr. 4.200 
to 4. 9.^ 9. It is attracted by the magnet j and is itfelf alfo 
magnetic. 

Before the blow-pipe it becomes brown, and imparts a 
dark-green colour to borax. It is fuppofed to be an oxyd 
of iron, nearly in a ftate of complete purity. 

This fpecies is very common in primitive mountains, cfpe- 
cially in thofe of gneifs and micaceous fchiftus. In thefe 
fituations it arraiigeb itfelf in beds ; but fometimes compofes 
the entire mafs of diftin6l mountains. The fletz, or fecon- 
dary formations, as they are termed, are not free fnoni it. 
It occurs in green Hone at Taberg j in hornblende in S mo- 
land, and in bafalt near Eifcnach. It is ufually aflbeiated 
with common hornblende, garnet, and granular limeftone. 
Sometimes with adiinote, a(bcft, 6c e. ; but is moft fre- 
quently found in the vicinity of magnetic pyrites, arfenicai 
and copper pyrites, and common pyrites. 

It is found in one of the Shetland ifles 5 in Bohemia, 
Hungary, Saxony, Italy, France, Switzerland, Siberia, 
and South America. Is very abundant in Sweden, where 
it is employed for the manufa6ture of the iron imported to 
this country for the fupply of the Sheffield market, 

Subfp. 2. —Colour deep iron-black, which 

paffes fometimes to afh-grey. Occurs in angular or roundilh 
grains ; and alfo in fmall oftahcdral cryftals. Surface rough 
and feebly glimmering. Internal luftrc fhining, metallic. 
Fradlure perfect conchoidal. Fragments indeterminate, 
fharp-edged. Streak greyilh-black. Semi-hard, brittle, 
eaiily frangible, and heavy, Sp. gr. 4.600. Strongly at- 
tracted by the magnet. 

Its chemical characters are as the foregoing fubfpecies. 

It occurs in the beds of rivers ; and ailo imbedded in the 
rocks of bafalt and wacke. 

Is met with in the river Elbe, near Schandau, in Saxony ; 
imbedded in fioetz-trap, in Bohemia 5 and is found alfo at 
St. Domingo, Guadaloupe, in Norway, France, the Tyrol, 
Greenland, 6cc. 

Sp. 5. Irm-glanci* Eifenglanz. tie fer fpcculairc* Fer>» 
erum mweraTtfatum /peculate* 
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This is alfo divided into two fubfpecies ; common* iron 
glance, and micaceous iron-ore, or, as it is called by pro- 
feffor Jamefon, iron-mica. 

Subfp. I. Common Iron-gJaiu:e*^Co\oxkr Heel-grey of 
greater or lefs intenfity, and fometimes reddifti. It occa- 
fionally palfirs into iron-black. Surface very often tar- 
niffied, and beautifully iridefeent. Occurs mafllve, difte- 
minated, and cryftallized. The form of its cryftals is 
various. The mod common is the rhomboidal parallelojii- 
pedon ; the cube, formed by the truncation of a double three- 
lided pyramid, and having three triangular faces inftead of 
two ot its angles oppofite, and o^Ia^onal plates bounded 
by linear trapeziums, fix in number, inclined alternately to 
differtmt fidcs. Planes of the cryftals fometimes fmooth, 
and fometimes ftreaked. Externally it varies ffom glim- 
mering to fplendent ; internally from glifteniogto fplendent ; 
luftre metallic. Fra6lure compaft and foliated. The com- 
paft varieties are uneven, and fometimes fmall conchoidal. 
The foliated have a fourfold redlangular cleavage. Frag- 
ments «6lahcdral or pyramidal ; fometimes indeterminate.- 
Edges rather blunt. Generally unfeparated. Gives a deep 
cherry-red ftreak. It is hard, opaque, brittle, more or lefs* 
eafily frangible, and heavy. Sp. gr. 5.01 16 to y.218. It 
is magnetic, but left fo than the preceding fpecies. 

Before the blow-pipe it is infufible, alone ; but becomes 
white when heated on charcoal ; and yields a dirty yellow- 
coloured fcoria, with borax. Stated by Kirw>an to contain* 
from 60 to 80 per cent, of iron. 

This fpccies appears to be confined to* primitive, and th« 
clafs called tranfition mountains. It has never been found in 
thofe of fecondary formation. Its occurrence is in beds and 
veins, where it is ufually accompanied with magnetic iron- 
ftone, common pyrites, compadl red iron-ftone, horaftone^ 
and quartz. 

Sweden yields it very abundantly ; as alfo does Norway. 
Some of the fineft fpccimcns are from the ifle of Elba, 
where the ore is faid to have been worked for upwards of 
three thoufand years. It occurs in Bohemia, Saxony, Swit« 
zcrland, France, England (in Lancaftiire and Cumberland)^ 
Hungary, South America, Siberia, &c. 

The Englifti fpccimens occur in cavities in compaA redi 
iron-ftone. The cryftals are ufually fmall ; and the luftre 
of their furface is particularly fplendent.- 

Subfp. 2. Ir 071 -mica . — Colour iron -black, paffing fome*^ 
limes to ftccl-grey, and fometimes to deep-red. The latter* 
is rather the colour of it, when held under the form of 
thin plates, between the eye and the light. Occurs maffive, 
diffeminated, and cryftallized. When the latter, it appears 
in thin tables with fix Tides. Surface fmooth and fplen- 
dent. Internally it is alfo fplendent, and its luftre metallic. 
Fradure perfeA curved foliated ; cleavage fimple. Frag- 
ments fometimes indeterminate, and fometimes tabular. 
The maffivc varieties occur in granular diftinft concretions. 
Thin plates of it are tranftucent. Its ftreak is deep cherry- 
red. It is femi-hard, brittle, very eafily frangible, and heavy. 

Sp gr. 4.50 to 5.07. 

Before the blow-pipe it exhibits the fame appearances a* 
the preceding fubfpecies, except in commu.iicaTitig an olive- 
green tinge to borax. The proportion of iron wliich it yields 
IS from 70 to 80 per cent. 

It is exclufjvely confined to primitive mountains, and for 
the moft pact to thofe of a newer formation. It is founds 
like iron-glance, in beds and veins, and is accompanied with 
other ores of the metal ; calcareous and fluor ipai*, quartz, 
hornftone, &c. 

Its geographic dlftribution is rather extenfive. It occurs 
near Dunkeld, in Perthlhtre ; at Dartmoor, in Deronilurei 
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in one of the Shetland ifle® ; in Norway, Sweden, Ruflia, 
France, ifle of Elba, and many dillrifts of Germany. 

Sp. 6. Red Iron jlone, Rotb-eifen Jlein^ La mine de fer 
r$uge> Ferrum ochraceum ruhrum, 

Werner has divided this into four fubfpecies, which pro- 
fefTor Jamefon, in conformity with the principles of the 
Wernerian nomenclature, has denominated red iron-froth, 
ochry-red iron-llonc, compact red iron-done, and red he- 
matite. 

Subfp. I. Red Iron-froth . — Colour deep cherry-red, 
fometimea blood-red and brownifh-red, and even inclining to 
deel-grey. Ufually friable. Occurs fometimea maflive and 
diffeminated ; and is compofed of fcaly parts which foil con- 
fiderably. Lultre between glimmering and gliflening ; 
fcmi-metallic. Is gp’cafy to the touch, and moderately 
heavy. 

Expofed to the blow-pipe alone, it blackens without 
melting, and communicates a bright green colour to borax. 
According to llauy, it is coniUtuted of 

Iron 66. 

Oxygen 28.5 

Silex 4.25 

Alumine 1.25 


lOO. 


It occurs generally in veins in primitive and tranHtion 
mountains, accompanied with other ores of iron, copper 
pyrites, quartz, barytic fpar, 8cc. 

Although a rare variety of this metal, it is found rather 
plentifully in the neighbourhood of Ulverftone, Lancafhire, 
and if al(o met with in Cornwall. It occurs too in Norway, 
the Hartz, Saxony, Silefia, Salzburg, Hungary, and South 
America. 

Subfp. 2. Oehry-red Ironfione^ or Red Or^re.-— Colour 
varies between blood-red and brownifh-red. Occurs foinc- 
times maflive and difTeminated, fometimes ruperficial, or 
coating other ores of the metal, but mofi ufually friable. 
Luftre faintly glimmering, or dull. Fradlure earthy. Frag- 
ments indeterminate, blunt-edged. Feels meagre. Soils 
more or lefs ftrongly. Is not very brittle. Eafiiy fran- 
gible, and rather heavy. Sp. gr. 2.952. 

It is rarely found alone ; being generally accompanied 
with other fpecies of iron-ore, and particularly with com- 
pa£f red iron-ilone, and red hematite. It occurs in veins ; 
and is diilribiited nearly as the two following fubfpecies. 

Subfp. 3. Compaff red Iron-JlotU . — Colour between 
brownim-red and dark ileel-erey, pafling fometimes to 
blood-red. Occurs mailive, diifeminated, and in various imi- 
^tive forms, as reniform, cellular, &c. It is fometimes 
found cryftallized, and appears either in cubes, or four- 
fided pyramids, the latter of which arc truncated on their 
fummits. The cube it found both perfed and truncated. 
Surface of the cubes fmooth ; of the pyramids rough and 
dull. Internal luftre between glimmering and dull ; femi- 
inetalUc. Fradure for the moft part even. It fometimes, 
however, pafles into coarfe-grained, uneven, and large con- 
choidal. Fragments indeterminate, rather ftiarp-edged. 
Streak blood-red. Between hard and femi-hard. Some- 
what brittle, and more orlefseafily frangible, heavy. Sp. gr. 
3^*3 to 3.76. 

It aflumes a darker colour before the blowpipe ; but is 
infufible, even with the afliftanoe of borax. This re-agent, 
however, is tinged of a yeUowifti-green by it. 

Occurs in beds and veins with red heiiMtite and the pre« 


ceding fubfpecies; and is alfe accompanied with quartz, 

red-jafper, and hornftone. 

It is found very abundantly in Lancaftiire ; in the Hartz, 
Saxony, Bohemia, Heflia, Siberia, and France. 

It is frequently fmelted in this country ; and principally 
in thofe works which fabricate the variety of iron deferibed in 
the fuceeeding part of tit is article, under the name of forge» 
ptg. The richer ores, in lac:, are incapable of yielding 
the moft highly carbonized deferiptions of iron 5 partly, 
perhaps, bccaiife tliey contain too little earthy matter tb 
afford a fufficiently plentiful cinder ; and partly becaufe 
their rcdudlion is too immediate. 

Subfp. 4. Red Hi tnatiu . — Colour intermediate between 
brownifli-red and lUvI-grey ; p.ifling fometimes intirely into 
one or other of them, and even itito blood-rcd. It is from the 
latter variety that the name of hematite (from otiux^/anguhf) 
is derived. Occurs maflivc and reniform; alfo ftalaAilic, glo- 
bular, uniform, See. External fui face rough and glimmering 
Internally gJillening, pafling into glimmering ; luftre fcmi- 
metallic. Fradlure always fibrous. Fragments ufually 
wcdge-fliaped ; fometimes fplintcry and indeterminate. In 
angulo-granular diftin£l concretions. Streak a bright blood- 
red. Hard, inclining to femi liard. Rather dilHcultly fran- 
gible. Brittle, and very heavy. Sp. gr. 4.74 to 5.005. 

It exhibits the fame chemical chi.ri£lfrs as the foregoing 
fubfpecies, and yields in the large way about 60 per cent, of 
metal. 

According to the recent analyfis of M. D’Aubuiflon, 
w^ho has publifhed a very intereiUng memoir in the 75lh 
volume of the Annales dc Cliimie,’’ on the chemical con- 
ftitution of certain iron ores which appear to have water 
as an eifential ingredient, this mineral is compofed of 


Peroxyd of iron - 90 

Silex - - 2 

Lime - - x 

Volatile matter - 3 

Lofs - - 4 
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The fpecific grravity of the fpccimcns here fubmitted to 
examination was 4.8. Another fpccimen, the fpccific gra- 
vity of which was 5.0, yielded the following refult ; 


Peroyxd of iron • 94 

Silex - - a 

Water - . 2 

Lofs . • 2 


100 

Each of the above prefented a trace of manganefe, and 
the latter a fimilar evidence of linle. 

Its geognoitic fituation is fimilar to the laft. 

Lancaftiire yields it ve^ plentifully, as well as the neigh- 
bouring parts of Cumberland. It is found, too, in confi- 
derable abundance in Saxony; and in Bohemia, France, 
Silefla, the Hartz, Siberia, bcc. 

It is one of the moft common varieties of iron ore, and 
is very frequently employed in the fmelting. furnace. 

Sp* 7- ' Brown Ironfione. Brown Ftfetfldn. La mine 
4 c fer bnmc* Ferrum ochraceum brunum. 

This, like the jpreceding, is divided into four fubfpecies, 
which have the lame leading diftindions. They confift of 
brown* iron-froth, ochry-browrt iron-ftenCf compaA brtfvvn 
iron-Aone, and brown hematite. 
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Subfp. I. J^rown Irm-froth, — Colour irarpngf between 
clove-brown and lleel-grey. Occurs maflive, fuperifbial^ and 
frothy. Is compofed of fcaly particles, which arc gliften- 
ing, and have a metallic luttre. Fragments indeterminatCt 
blunt-edged. Intermediate between friable and folid. Soils 
llrongly. Feds greafjr to the touch. Is very foft, light, 
and (ometimes even fwimming. 

It blackens before the blow-pipe without melting, and 
communicates a ) ellowifli-grecn colour to borax. 

It is generally found coating compadt brown iron-ftone, 
'and brown hematite. 

One of the Shetland iflands affords it ; and it occurs alfo 
in Saxony, the Hartz, Norway, Carintliia, Bareiith, Car- 
niola, and Stiria. 

Siibfp, 2. Ochry-hroivn Iron-Jlorte^^QoXowt ye'lowifh- 
brown, inclining to ochre yellow. Occurs maflive and dif- 
icmiiiatcd. Between folid and friable. Frafture cariliy. 
Internally it is dull. Fragments indeterminate, blunt- 
edged. Sods confidcrably. is more or lefs cohci'ent, and 
lie.uy. 

Imparts an olive-green colour to borax. 

It accompanies the other fiibfpecics ; and is found in 
Norway, Saxony, Bohemia, Bavaria, and Sal/burg. 

Subfp. Comp'iH lirotvii Iron-Jlone. — Colour clovc- 

bro\<n of various iiitenfitics, pafling fomelimcs to yellowifh- 
brown. Occurs niaffivc, difTemiiiated, and in various imi- 
tative forms, as llaliiCiitic, reniform, cellular, dendritic, &:c. 
It fometirrcfi, alfo, appears in pfeudo-cryllals, of which the 
cube, rhomb, a?!d lens hiivc been particularized. Madre- 
pores and corallines, too, liave it frequently for their bafe ; 
as well as other extraneous fofli's. Internally it is dull, or 
very rarely glimmering. Fraetture ufually even, fometimes 
earthy and fmall-grained uneven, and conchoidal. Frag- 
ments induterininatf, edges more or lefa blunt. Streak 
bright yellowifh-lirown, bordering on ochre-yellow. Is 
f?mi-hard, inclining to hard. Rather brittle. Eaiily fran- 
gible, and heavy. Sp, gr .5.4771 103.551. 

It darkens before the blow-pipe, in confequence of the 
lofs of OX) gen, and becomes magnetic. Borax receives an 
ol've-gicen colour from it. 

The proportion of its ingredients, as dated by M. 
1 )* Aiibinflbn, in the 7)111 volume of the •* Aaoalct de 
Ciiimie,” is as follows ; 



From 

Fiom 

from 





Peroxyd of iron 


8i 

69 

Ih*roxyd of mangancre 

I 


3 

Sikx 

2 

4 

10 

Alumine 



3 

Volatile matter 

IT 

12 


l.ofs 

2 

3 

2 

100 


T'he fpecilic gravity of the fpocimen from Viedeflins was 


Jt is always accompanied with fome of the other fub- 
fpecies ; and frequently with qiiaz*lz, calcareous and heavy 
1‘par, and pyrites. 

Occurs in Mainland, one of the Shetland ides ; the 
Harty^, Saxony, Silefia, Bolicmia^ Suabia, the Tyrol, 
France, Carintliia, 5 tc. 

Subfp. 4. Brown ‘Its colour, internally, is 

clove-brown, wliich pafles to ycllowifh-brown, and brovvriifh- 
Uack. It is exhibited under a great variety of other fliades, 
as blueifh or iron-black, pinchback.brown,bron7.e.yellow’,and 
fometimes irldefcent. Occurs rarely maflive ; ufually in fome 
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of the imitative forms before fpoken of. It is fometimes 
found in pfeudo-cryllals of a pyramidal fhape, with lix acute- 
angled fidcs. Surface fometimes fmooth, and fometimes 
rough and drufy. Luftre (hining or glifteiiing. Internally 
it is from glimraerir^ to glifteuing ; intermediate between 
filky and rcrnioiis; Fraflure iibrous, pafling fometimes to 
finall conclioidal. Fragments ufually fplintery or w^edge- 
Ihaped ; rarely indeterminate. Occurs in diilindl concre- 
tions. Streak yrllovvifh-brown. Oj)aque. Semi-hard* 
Brittle. V ery cafily frangible, and heavy* Sp. gr. 3 .7S9 
to 3.951. 

It blackens before the blow-pipe, but does not melt. 
With borax i.‘ enters into ebullition, and produces a dirty 
yellow-coloured co»*pound. 

Its conllituent parts, according to M. D’AubuilTon, 
whofe analyfea were generally repeated two or three times, 
are as below dated : 


PeroxyJ cf iron 

From 

Bfig/shcrn. 

- 79 

From 

Vii clcirus, 

82 

Peroxyd of manganefe 

- 2 

2 

Silex 

- 3 

1 

V olatile matter 

- 

H 

Lofa - . - 

- I 

I 


TOO 

JOO 


The fpecific gravity of the former was 3.8, and of the 
latter 3.9, l lie fpccimen from Viedeflbs afforded a flight 
trace of alumine. 

It occurs in theneweft primitive, tranfition, and fecondaty 
mountains j but moll frequently in the two latter, whei*e it 
is found lining cavities in vcIjis or bedvS. Its ufnal attend- 
ants are black and fparry iron-ftone, calcareous fpar, brown 
and hcavy-fpar, and fometimes, though rarely, quartz. 

It is found in Voighlland, the Fichtelgebirge, Franconia, 
Ilcflia, and Naflau. 

This fpeeies, which is fo very abundantly diftributed in the 
German lUtes is of rare occurrence eill^r in Sweden, Ruflia, 
Norway, or England. In the former, it furnifties malciiaU 
for very exteiifivc* iron-works ; and the wrought -iron pro- 
duced from it is veiy valuable. 

Sp. 8. Sparry ironjhni** Spath aftnftJn. JLe frr fpa^ 
tl:quc» Ferrum ochrucetrn Jpulijorwe^ 

(Colour ycllowifti-grc) , which palTes into ycllowifh-brown, 
clove-brown, and blackilk-hivAvn. It tarnifue.'^ on expofure 
either to the air or heat, and then becomes brown or black, 
and ftnnetimes iridefceiit. Occurs maflive, difltmiinated, and 
cryftallizcd. Its cry (la Is are either rhombs, Icnfcs, odtahe- 
drons, or garnet-dodecahedrons. They arc feldom large* 
or very fmall ; commonly middle-fixed and fmalk ri'licir 
furface is fometimes fu.i.oth, fometimes drufvi and a little 
rough. Inlcrnallv it \:.;ics from fplendent to glimmering | 
liiUrc pearly, Fradure loliated. Cleavage triple. Fragments- 
rhomhoidak Occurs in granular diilinit concretions. I'he 
light-coloured varieties are tranfliiccnt, efpecially on the 
edges; but the dark-coloured opaque. The former give a 
greyiili-white ftreak ; the latter a yellouifh brown. It is 
femi-hard, inclining fometimes to fuft. Rather briitlc. 
Eafily frangible, and moderately heavy. Sp. gr. 3.300 to 

It blac!;ens before the blow-pipe, and enters into ebulli- 
tion with borax, to which it communicates a dirty yellow 
colour. It always eflervefees more or lefs with acics. Ac- 
cording toi EergtuaiJj, it is compofed of 




Oxyd of iron - 38 

Oxyd of manganefe 24 
Ume - . 19 

Carbonic acid - 10 

Water - 9 

100 


but it is liable to great variation In the proportion of its 
ingredients. In a recent examination by Colic t-Defcotilsy 
tJie following refult was afforded ; 


Fragments of quartz • 2. 58 

Red oxyd of iron - 
Brown oxyd of manganefe 1.80 

Lime ya 

Magncfia 1.98 


Carbonic acid^ water^ and lofs 44.67 


100. 
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The fpecilic gravity of the fpecimen analyfed in this cafe 
was 3.693 ; and its colour was brownifli -yellow. 

It occurs in primitive and fccondary mountains 5 in the 
former, in veins; in the latter, in beds. 

It is found fparingly in Britain ; and not very abundantly 
in Sweden, Norway, Switzerland, Siberia, Bohemia, and 
Saxony. At Schmalkalden, in HefTia, however, tliere is a 
bed from 25* tn 30 fathoms thick ; and in different parts of 
Weftphalia, Stiria, Carinthia, &c. it is very plentiful. A 
whole hill, in the province of Bifcay, is compofed of it, 
which is faid to have been worked for fcvcral thoufand 
years. 

It is much ufed as an ore of iron, and the metal produced 
from it is confidered to be peculiarly favourable for fteel- 
making ; but whether this is any thing more than a mere 
prejudice, feems greatly to be quell ioned. 

Sp. 9. Black ironSme. Schwarz elfi'njlein* La mine de 
fer noire, J^errum ochraceum nigrum. 

This is divided into two fub-fpecies ; compaft black iron- 
ftone, and black hematite. 

Subfp. I. Compa£i Black —Colour between 

blueifh -black, and dark fteel- grey. Occurs maftive, and in 
various imitative forms. Surface dull, or faintly glimmering. 
Internally it is bordering on gliftening, and its luftre femi- 
metallic. Fra6lurc commonly conchoidal, fometimes un- 
even. Fragments indeterminate, (harp-edged. Streak film- 
ing, but unchanged. It is femi-hard, brittle, eaiily frangi- 
ble, and heavy, Sp. gr, 4 076, according to Wiedemann. 

This mineral had for a long time been claffed as an ore of 
manganefe, and was removed to the prefent genus from 
fome particular diftindlioiis that were pointed out by Werner, 
between the compact grey manganefe ore, of which it had 
ufually been confidered a variety, and the fub-fpecies now 
under examination. M. D’AubiiifTon, however, in the 
courfe of his late refcarches, has fubjedled a fpecimen of it 
to chemical analyfis ; and inftead of finding iron to be its 
principal ingredient, has afeertained it to be almoft wholly 
compofed of manganefe and filex. This would, perhaps, be 
a fufficient authority for transferring it to the latter genus 
again; but as the Wernerian clalfification has been uni- 
formly adhered to in the prefent article, it has been deemed 
beft to continue its enumeration here, and accompany the 
account of it with the particulars of M. D^ubuiffon^s 
inquiry. 

The fpecimen he examined came from Rafehau, in Saxony, 
as^ was of a blueUh-black colour mixed with grey. It bad 
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a compadl fra£lure, was femt-hard, approaching to hard, and 
of the fpecific gravity of 3 .6. It confifted of 


Peroxyd of manganefe * • 64 

Silex - - - - 13 

Volatile matter • - 14 

Lofs j^occafioned by an accident ini 
drying fome carbonat of manga- > 9 

Bcfe on the filter) - • j 


100 
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Confiderable difference^ is very likely to exift in tlic tbe*- 
mical conilitution of this mineral, and the total ablVncv* of 
iron, in the prefent cafe, may certainly be regarded as railior 
an extraordinary circu mil ance. Indeed, Werner’s judgment 
is much too accurate to admit the fuppofition, that the varie- 
ties which have come under his iiifpeftion were dcilitute of 
it; but from the very great •produce of manganefe in the 
above analyfis, and the general charadler of the fpccies, in 
imparting a violet -blue colour to borax, there can be little 
doubt that this, if not both fub-fpecies of black iroB-llonc, 
are, properly, ores of the former metal. 

Subfp. 2. Black Htmatite , — Colour inclining more to ftcel- 
grey than the preceding fub-fpecies. Occurs maflive and 
reniform. Internally it is glimmering ; luftre fern i -metallic. 
Fracture delicately fibrous, palling into even. Fragments 
wedge-fhaped. Occurs in granular dillinA concretions. In 
other refpc6l8 agrees with tlie preceding. 

Before the blow-pipe, both the members of this fpecies 
melt with borax into a violct-bluc coloured glafs. No exaft 
analyfis has yet been made of the black hematite ; but its 
chemical conftitution is in all probability very much fimilar 
to that of the former fub-fpecies. 

Black iron-done is found in primitive and fletz mountains, 
accompanied with brown and iparry iron-ftone and quartz. 

It occurs at Naila, in Barcuth ; Rafehau, in Saxony ; 
Heifia, the Upper Palatinate, and the Hartz. 

Sp. 10. Clay iron-Jlone, Thonn/cnjltin. l^e fer argikux, 
Ferrum ochraceum ar^ilUiceunu 

This widely diftnbuted, and highly valuable mineral, is 
divided into leven fub-fpccies ; reddle, columnar clay iron- 
llonc, lenticular clay iron-ftone, jafpery clay iron-ftone, com- 
mon clay iron-llonc, iron kidney, or kidney-ftiaped iron-ore, 
and pea ore, or pca-lhaped iron-ore. 

Subfp. I. Reddle. ’^Q o\ovlx light brownifh-red. Occurs 
only maflive. Principal fradlure flaty, glimmering. Crofs 
fradure earthy, dull. Fragments tabular, fplintery or in- 
determinate. Streak lighter than the fradlure fuiface, and 
more fhining. Soils flrongly, and may be written with. It 
is foft, and very foft, fedile, eafily frangible ; flrongly ad- 
herent to the tongtie, meagre to the touch, and moderately 
heavy. Sp. gr. 3. 1391 to 3 931. 

It decrepitates and blackens at a red beat, and, in a more 
elevated temperature, melts into a kind of pumice of a green- 
ifti-grey colour. 

It moft generally occurs in the newer clay fiate ; and is 
found in Thuringia, Saxony, Silefia, Salzburg, Hefiia, and 
Siberia. 

It is fcarcely ufed for any other purpofe than drawing. 

Subfp. 2. Columnar Clay /rwf^a«r.— Colour brownifh-red, 
pafiiiig fometimes to cherry -red. Occurs maflive, and in 
pieces which are more or lefs angular. Surface rough and 
dull. Internally dull, and fradure earthy. It moft ufually 
occurs in columnar diftin£l concretions. Streak blood-reo. 
It is foft, very eafily frangible, brittle, meagre to the touch, 
a&erea (lightly to the tongue, and it moderately heavy. 
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Tt blackerf^ before the blow-pipe, and imparts an olive- 
green colour to horax. 

It is bat rarely met witli, and appejirs to be, in fome in- 
ftanccs, of pfcudo-volcanic origin. Its occurrence with por- 
celiiin jafper, and other minerals which are evidently of that 
clafs, gives confiderahle colour to the idea ; but there are 
cates, as the one obferved by Reufs in Bohemia, where it 
appeared in the centre of a mountain of clay-flate, that are 
equally oppofite in their evidence. 

It is found in the ifle of Arran, at Sobrufan, Hofehnitz, 
Delau, and near Prohn, in Bohemia ; at Dutweiler, in Saar- 
br Lichen ; and Ambcrg, in the Upper Palatinate. 

It yields too fmall a proportion of metal, even where the 
mineral is fu.^Hcicntly abundant, to be at all worked as an ore 
of iron. 

Subfp. . Lenticular Clay Iron-Rone. — Colour brownifti-red, 
varying to reddilh and yellowim-browi), and greyifli-black. 
Occurs maffive. Internally it is Itrongly glimmering, fome- 
times glillening, and always femi-metallic. Fradure fine 
earthy, and lometimcs flaty. Fragments indeterminate, 
blunt-edged. Occurs in di(lin£l concretions, which arc fre- 
quently lenticular, but fometimes granular. The ftreak 
varies with the colour of tlie fpecimen : generally, lighter. 
It is ufiially foft, fometimes very foft, and femi-hard. Scdlile, 
inclining to brittle ; very eafily frangible, and heavy. 

Its compofition, according to Lampadius, is 
Of oxyd of iron 64. 

Alumine - 23. 

Silex - • y.e 

Water - . 5. 

Lofs .C 

100 

The black vnrieiies, which occur only in the canton of 
Berne, arc (aid to yield 90 per cent, of iron. The red ore, 
wl'.ich is found very abundantly in Bohemia, affords 60 per 
cent. 

It is didrlbiited in tranfition and fletz mountains, and 
generally iinmixcJ with other minerals. 

Bcfidcs the fituations already noticed, it is met with in 
Suabia, the Netherlands, Bavaria, Franconia, and France. 

It is fmelted as an ore ot iron, and the brown varieties of 
it, which contain from 30 to 25 per cent, of metal, are much 
valued on account of the excellent quality of the metal that 
is produced from ilicm. 

Subfp. 4. Jafpery Clay IronJlone.-^QcAowr brownifh*red . 
Occurs maffive. internal lullre dull, bordering on glim- 
mering. Fradure flat conchoidal ; fometimes even. rrag» 
ments rhomhoidal, alfo cubic and trapezoidal. Lighter in 
the llrcak. Soft, brittle, eafily frangible, and heavy. 

It has, hitherto, been only met with in a bed which be- 
longs to the fecondary or fletz formation, between Vienna 
and Hungary. 

Subfp. c. Common Clay Ironjlone. — Colour light yellowifh- 
grey, inclining to afli-grey, and pafling into blueifli and 
ueei-grey, yellowifh, reddilh, and clove-brown, briek-red, 
and brown ifli-red. Thefc colours, particularly the lighter 
ones, undergo a change on expofure to the air, generally 
becoming darker. Occurs maffive, and in a variety of ex- 
traneous forms, efpecially of (hells and vegetables. In- 
ternally it is dull. Fradure earthy, fometimes conchoidal 
and flaty. Fragments indeterminate, blunt-cdged ; foft ; 
rather brittle ; adheres a little to the tongue; is more or lefs 
eafily frangible ; meagre to the touch, and heavy. Sp. gr. 
from 2,936 to 3.471. 

Exppled alone before the blow-pipe it blackens, but docs 


not melt. With borax it enters into a fort of ebullition, 
and produces a glafs of a blackifli olive-green colour. It 
varies confiderably in the proportion of its ingredients. 
Some fpecimcns of the mineral yield as much as 40 per cent* 
of oxyd of iron, whilfl others do not afford more than 20 
per cent., and many even lefs than that. The* following, 
which will contribute to fhew this, are the refiiiu of fome 


analyfes by Richter and I.«ampadius. 


Oxyd of iron 

20.1 

339 

39 - 

42.5 

Oxyd of manganefe 

t . 

1. 1 


3 - 

Silex 

19.9 

23-9 

5 - 

13.8 

Alumine 

30.2 

13- 

40. 

15.6 

Miignefia 

Carbonic acid 

28.8 

28.t 

6. 

27.1 

Water 

Sulphur 



9 - 

I. 


100 

100 

too 

too 


This fubfpecies is a verv abundant one, and occurs in bed# 
in the fecondary or fletz formation. 

It is found very plentifully in different parts of England 
?nd Scotland ; and is alfo met with in Weftplialia, Bohemia, 
Silefia, the Upper Palatinate, Poland, Kuflia, Siberia, 
Italy, and Norway. 

Subfp. 6. Rentform iron err.— Colour yellowifli-brown, 
varying in intenfity in the fame fpecimen. The centre is the 
liglitelT, and not unfrequently includes a fmall kernel of an 
ochre-yellow tint. Occurs in maffes from the fize of a wal- 
nut to that of a man’s head, which are moft commonly im^ 
bedded in clay or fhalc. FraAured towards the furfacc, 
even ; in the interior fine enrthy. Fragments indeter- 
minate, rather fliarp-edgcd. Internal luftre dull ; externally 
gUinmeriug, femi- metallic. It is compofed of concentric, 
lamellar, di(Hn6I concretions, inclofing a nodule, which is 
often loofe. Surface rough ; external layers foft ; ihofe of 
the centre very foft ; brittle ; eafily frangible ; adheres to 
the tongue ; is meagre to the touch, and moderately heavy* 
Sp. gr. 2.574. 

It does not melt before the blow-pipe, when heated alone ; 
but enters into fufion with borax, and communicates to it a 
dirty yellow colour. 

Occurs in the neweft fletz rocks, imbedded in the argil- 
laceous ftrata tliat arc incumbent on coal. 

It is found abundantly in Derbyshire, and fome of the 
neighbouring counties; in Scotland, Norway, Denmark, 
Bohemia, Silefia, Tranfylvama, France, and Siberia. 

The greateil pr<y>ortion of the iron manufactured in the 
midland diltriCls of England, as well as in many parts of 
Scotland, is obtained trom the two foregoing fubfpecies. 
I'he metal which they afford, too, is, generally fpeaking, 
of the belt quality. This is principally referable to the 
liberal fupply of earthy matter iu their compofition ; for, 
without a uiificient production of fcoria, or cinder, in the 
blall -furnace, the highly carbonized, and confequcntljr 
moil valuable, varieties of iron cannot be formed. The(e 
fubjefts will be more fully difeuffed in a fucceeding fe6tioii 
of the article. 

Subfp. 7. Piftform Colour yellowifh-brown, 

of different (hades, palfing fometimes to blackifh-brown. 
This is its internal appearance. Externally, it varies ac- 
cording to the nature of the ftratum in which it ii im- 
bedded, bei>^ reddilh, ycUowifli, and liver-brown, and 
even yelltnvifh-grey. Occurs in fmall fpherical grains. 
Centre of the grain dull ; luftre increafing towards the fur- 
face to gliftening. Internal fradure fine earthy ; exter- 
nally, cvcfn. Fragments indeterminate, fomewhat (harp- 
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edged. Occurs in coneentrici lamellar^ diflinA concretions. 
Streak yellowifh-brown. It is femi-hard, pafling to foft. 
Not very brittle; eafily frangible. Sp. gr. 5*107. 

It exhibits, before the bIow*pipe, the fame appearances 
as the lull fubfpectes. Subjoined arc the refiilts of two 
analyfes of it ; the former by Vauquelin, the latter by 
Mallinghof ; 

Iron jo 

Oxygen 18 

Alumine 3 1 

Silcx ic 

Water 6 

100 100 

This mineral is fuppofed by Werner to occur in the fe- 
cond fletz limc*(lone, and in clay •beds. 

It is found in France, Switzerland, Franconia, HcHia, 
Suabia, the duchy of Wirtemberg, and Dalmatia. In the 
latter country, it is laid to be ufed by the inhabitants inllead 
of /hot, 

I'lie greater part of the French iron is extraAed from 
this fubfpecies. It yields, in the large way, from 30 to 40 
fer cent, of metal. 

Sp. II. Bog iron ore. Ra/enei/enjlein. Le fer limoneux. 
Ferrum ochraceum cefphitium. 

Werner divides this into three fubfpecies; morafs ore, 
fwamp ore, and meadow ore. 

Subfp. I. Morafs ore . — Colour yellowifh-brown. It is 
fometimes friable, and fometimes approaching to coherent. 
When the latter, it occurs maflive, corroded, and in grains. 
The former varieties confiil of dully particles. Lullre dull. 
Frafture earthy. Fragments indeterminate, blunt-edged. 
Soils conliderably. Is meagre to the touch, and light. 

Subfp. 2. Swmp orr.— Colour dark yellowilh-brown, 
fometimes palling to yellowifh-grey. Occurs corroded, 
veiicular, and amorphous. Lullre dull, fometimes (lightly 
glimmering. FraAure e^irthy, pafling to fine-grained, un- 
even. Fragments indeterminate, blunt-edged. Streak light 
jyellowifh-brown. Very foft ; feAile. Eafily frangible, 
and moderately heavy. Sp. gr. 2.944« 

Subfp. 3. Meadow ore. — Colour, when frelh broken, 
blackifh-br'own, pafling fometimes to yellowilh-brown, and 
brownilh-black. Occurs maflive, in grains, tuberofe, per- 
forated, and amorphous. Externally it is rough and dull. 
In the interior it varies from Ihining to glimmering ; lullre 
refinous. FraAure conchoidal, pafling fometimes to fmall- 

f rained, uneven, and earthy. The conchoidal varieties 
ave the brightell lullre. Fragments indeterminate, blunt- 
edged. Streak light yellowifh-brown. Soft ; brittle. 
Very eafily frangible, and heavy. 

Bog -iron ore in general blackens before the blow-pipe, 
without melting. It enters into ebullition with borax, and 
produces a glafs of a dirtyifh yellow colour. I'hc only 
member of the fpecies that appears to have been fubjeAed to 
analyfis is the meadow ore : and it is conilituted, according 
|D the information of M. D'AubuiiTon, of 
Peroxyd of iron 61 

Peroxyd of manganefc 7 
Silex 6 

AJumine 2 

Volatile matter 19 

Phofphoric acid 2.5 

Lime^ fulphur, and lofs 2.5 

ICO Annales de Chimie, t. 75. 
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The volatile matter, which fo conflantly forms a part of 
the refiilts quoted from this chemill, almoll exclufively con- 
fids of water ; and it was with a view, indeed, of afeertain- 
ing the proportion of this ingredient, that his analytical 
labours were principally commenced. He fuppofes it to be 
an elfential condituent of the different minerals he has ex- 
amined, and propofes to arrange them under the clafs of 
hydrate. 

The prefent fpecies is fmelted in fome of the cbiintries 
that afford it, and yields, in the large way, from 30 to 35 
per cent, of metal. 

It occurs in the newed formations, and is conceived to be 
continually depofited in marlhy places, from the evaporation 
of the water that has held it ih foliition. ^I’he preceding 
fubfpecies arc produAs of this procefs at different dages ; 
and the order m which they are arranged is indicative of the 
date of their formation. 

It is found in different parts of the Highlands of Scot- 
land, the Hebrides, Orknics, and the Shetland iflands. 
Poland and Pruflia contain confiderable quantities of it ; at 
allb do Brandenburg, Courland, Livonia, and Lithuania. 
Its occurrence is more frequent in the northern than in the 
fouthern countries of Europe. 

Sp. 12. Blue iron earth. Blaue eifenerde. Le fer ter reuse 
lieu. Ferrum ochraceum caruleum. 

Before it has been expofed to the air, its colour is greyifh- 
white, but afterwards becomes indigo-blue of diderent 
(hades, and fometimes fmalt-bluc. Occurs maflive, and 
difleminated ; and is compofed of dull, dnfly particles, 
which are friable and cohering. Soils (lightly. Feels 
meagre, and is moderately heavy. 

Before the blow-pipe, it becomes of a red difh -brown, and 
afterwards melts into a brilliant black globule, which tinges 
borax of a deep yellow. It is readily lohible in acids. 
Bergmann had fuppofed it to be a native Prujftan-hlue ; and 
it has received a place in many mineralogical lyflems, under 
that name, from the fame belief ; but an analytical examina- 
tion of it by Klaproth feems to prove it to be a compound 
of phofpbai of iron and alumine. 

It occurs in iielts in clay-beds, amongft bog-iron ore, 
and incrufting turf and peat. 

It is found, under the latter circumflances, in the Shet- 
land iflands; it alfo appears in Iceland, Saxony, Silcfia, 
Swabia, Bavaria, Poland, Siberia, Ruflia, and Sweden. 

Sp. 13. Pitchy iron ore. Eifenpcchere%, Fer phofphcUe. 

Colour pitch-black, pafling fometimes into Dlackilh- 
brown, and even deep reddifh -brown. Occurs maffive. 
Surface earthy, and dull. Internally it is glillcning ; lullre 
refinous. FraAure foliated, conchoidal, and fometimes 
fine-grained, uneven. Fragments indeterminate, tolerably 
(harp-edged. Opaque ; iemi-hard ; brittle. Not very 

eafily frangible, and moderately heavy. Sp. gr. 3.956. 

It melts eafily before the blow-pipe, and forms a black 
enamel. According to Vauquehn, it coniiils of 
Phofphoric acid 27 

Ox yd of iron 31 

Oxyd of xnanganefe 42 

100 

Is found near Limoges, in France. 

Sp. 14. Green iron earth. Griine eifenerde. Le fer ter^ 
reux vert. Ferrum ochraceum viride. 

This is divided into two fubfpecies; friable green iron 
earth, and coherent green iron e irth. 

Subfp. I. Friable green iron r<ir/A.— Colour fi (kin-green. 
Occurs maflive, and dilTeminaied ; and confiils of particles 
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T^hich are without luftre. Fragments indeterminate ; foils j 
is foft, and very foft. Sometimes friable. Meagre to the 
touch. £a(ily frangible^ and moderately heavy. 

Subfp. 2 . Coherent ^reen iron Mr/A.— Colour rather darker 
than the lall fubfpecies. Occurs maflive, and corroded. 
Intel nally dull. Fracture fine earthy, pafTiiig into even, 
and fometiraes into fplintery. Fragments indeterminate; 
foft. Rather brittle, and inclining to heavy. 

Before the blow-pipe, it becomes firft red, and then of a 
dark brown ; but does not melt. It tinges borax of a yel- 
low Colour, inclining to olive-green. No exa£l analyfis has 
been made of this fpecies ; but it is fuppofed by Werner to 
have iron and phofphoric acid for its principal ingredients. 

/It is a rare mineral, and has hitherto been only found at 
Braunfdorf and Schheiberg, in Saxony, where it occurs in 
veins: in the former place, accompanied with quartz and 
pyrites; and in the latter, with quartz and native bif- 
miith. 

‘ Sp. 15. Cube-ore. Wurfeler%, Per arfeniafe. 

Colour olive-green, of different degrees of intcnfily. 
Occurs maflive, diffeminated, and cryflallized in fmall and 
very fmall cubes, which are fometimes flattened and trun- 
cated at the angles. Planes of the cry Hals fmooth and fplen- 
dent. Internally it is glillening, and its luflre between 
pearly and adamantine. Fraftiire imperfrdl foliated. Frag- 
ments indeterminate. Occurs in granular dillin£l concre- 
tions. It is tranfluccnt ; foft ; brittle, and gives a ilreak of 
a flraw-yellow colour. Sp. gr. 3.000. It appears fome- 
times in the form of a rcddifli-yellow powder, which is thinly 
diftributed over the furface. 

Before the blow-pipe it fwells up, and emits an arfenical 
odour ; melting afterwards into a grey metallic globule, 
{lightly tinged with yellow. From the analyfis of Clienc- 
vix, it appears to be compofed of 

Arfcnicacid - • 31. 

Oxyd of iron - 

Oxyd of copper - 9. 

Silex - - - 4. 

Water of cryflallization 105 

100 

Jt occurs in veins* accompanied with foine ores of Copper, 
qiiartz, mica, ami fcldfpar. 

"riie only places that liave, hitherto, afforded it, art the 
mim s of Carrarach and Muttrcll, in Cornwall. 

Until the account publiflied of this mineral by the count 
de Bournon, and Mr. Chenevix, in the Philtifophical 
Tran factions for iSoi, it was inillakcn for an arfeniat of 
copper. 

§ 2, Jljfity and Analyjis, 

Since the metal contained in every ore is of fo much 
greater fpecific gravity than any other of i*8 accompanying 
ingredients, it will be eafy to torm a tolerable idea oi the 
value of an iroii-ore by the weight of a given bulk, 

Prcvioufly to working any iron-ore it fhould be ^'ery mi- 
nureiv analyfed, both in the humid and dry way. By the 
humid procefs we fliall afceriain the exadf pro; ort ions of its 
conllituents, without which it would be a mere work of 
cha:'ce to attempt to extra^^ the iron in the metallic form. 

When we are acquainted with the nature of the earthy 
matter in combination with the ore, we know with the 
greatell certainty what fubftances we ought to add in the 
crucible, for the purpofe of eliminating the metal. All fiich 
(tf blUttccs are called fluxed, merely bccaufe llicy form fufible 
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compounds with the earthy matter of the mineral. It is to 
this treatment of a fmall quantity of the ore tliat we give the 
name of affaying. 

The procefs by which the component parts arc afeertained, 
confiiU in fubjo(Siing a fmall quantity of the ore in fine pow- 
der to the action of an acid, and fometimes to an alkali* 
By this means the whole is diffolved, and the different mate- 
riaU of which it is compofed arc feparatcly precipitated by 
different chemical re-agculs. The procefs, however, variea 
coiilidcrabiy with the nature of the ore to be examined. 

Iron ores, as iubjeris of analyfis, aiv divided into three 
heads ; namely, fiilpliurcts, oxyds, and falls. 

The firil are dillinguiflicd by their general bronze colour, 
but more p.-irticnlarly by the fuffocating fincll of fulpluireous 
acid gas, wliicli they afford by being healed to rcdnels in the 
open air. I’he fecond coniift of iron united wiili oxygen, 
and are by far the molt common of all. Nearly the wTiole 
of the iron-ores in ufe are of this kind, containing alfo dif- 
ferent proportions of earthy matter in their compoli lion. 

The third divifion comprehends fuch as conlilt of the oxyd 
of iron combined with fome acid, and hence are called falls. 
The principal varieties of thefc are the phofphats, fulphats, 
arfeniats, and carbouats. 

The apparatus employed in the humid analyfis will be a 
lamp fitted up with different-fized fliding-bcarers, a filver cru- 
cible, and fmall portable furnace, with a fand-bath, and one 
of water, for drying precipitates ; capfules of glafs and 
porcelain ; precipitating glaffes, funnels, and filtering papeiv 
For reducing the ore to powder, a mortar of hardened tleel 
wifi be firll neceffury, and afterwards one of agate, to grind 
it very fine. Accurate weights and fcales will be highly 
rcquilite, with cups of filver or platina. 

The re- agents wanted will be fwlphuric, muriatic, and 
nitric acids. Pure potafli, foda, and borax, in the folid 
form. Solutions of the fame, and alfo the pure aqua ammo- 
nia. The fully fatiirated carbonate of all the alkalis, and the 
fubcarbonats of the fame. The triple prulfiat of potafli 
and iron ; and, when merely ufed as a tell, prufliat of lime 
willanfwcr. The analyft fliould, alfo, have in hispoffeflion 
powders or folutions ot all the feparate fiibllances of whiclv 
tlie mineral is fuppofed to conliil, for the purpofe of com- 
paring real refults wdlh thofe obtained in his experiments. 

If the ore to be analyfed be a pure fulphuret, 100 grains^ 
or any other given weight, may be reduced to powder, ob- 
fcrviiig to weigh it after the operarion, to fee if any of the 
mortar has been abraded, which, when the ore is very hard, 
is to be expecled ; and the increafed weight mull in that 
calc be noted down. 

Let this pow der be boiled wfith nitric acid in a long narrow- 
beaked g^afs veffel, which Ihould be very thin at the bottom, 
to avoid cracking. By this method the fulphur of the ore 
wull be converted into fulphuric acid ; part ot the nitric acid 
will be dccompofed, and moll of the reinaiuder fly off, fo that 
the refuking fluid wifi principally confill of the iron diffoKcd 
ill fulphuric acid. 

To this folulion add the muriat of barytes, till a precipi- 
tation ceafes to take place. When the precipitate has fub- 
fided, and the fluid is become pcrfedlly clear, gently pour off 
the liquor, which is a folution uow^ of iron m the muriatic acid. 
Let the precipitate, conlilling of fulphat of barytes, be re- 
peatedly wafhed with hot diiiiiled water, till the bquid givel 
no precipitate with nitrat of filver, and afterwards add the 
wafliings to the fluid firil poured off. After this white 
powder has been dried on the lleam-bath, which is an appa- 
ratu.s coullrudled for this particular ufe, let it be weighed, 
and for every 100 grains of the fubllance allow 2i.j ot ful-^ 
phur. Tb the liquid parts which contain the oxyd of iron. 
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ad\l a clearTolutidn of the fub-carbonat of potafh* Let it 
boii for a Kttle time, and the oxyd of iron will fubfide. 
Wafh it and di'y it a« above, afterwards weig^hing the product. 
The quantity of oxygen in the oxyd of iron thus obtain- 
ed, may be known by the quantity of iron obtained 
from it in theproerfsof alTaying, whicn we (hall afterwards 
give. If the ore conhft of oxygen and iron only, it may, 
without any previous treatment, be referred to the dry pro- 
cefs. When, however, earthy matter is^combined with it, 
the humid analyfis fhould be reforted to, which requires a 
different mode of proceeding to that already given. 

Let 100 grains of the ore be reduced to a fine powder, as 
above direa:ed, obferving to weigh it afterwards, for the 
purpofe of afeertaining whether any of the materials of 
the mortar be mixed with it. The matter fo added, if 
it be acquired from the agate mortar, may be deemed 
pure filex. 

To this poM'deradd 300 grains of dry potafh, in a filver 
crucible, capable of holding about fix or feven ounces. 
Pour to the mixture a very little water, jull fufficient to 
moifien the whole. Apply a gentle heat in the firft infiance, 
to prevent the mafs from fwelling too much, and gradually 
incrcafe the temperature till the crucible is red-hot. The 
mafs will now be in a ft ate of fulion more or lefs perfe^, ac- 
cording to the quantity of filex contained in the ore. If, 
from a great proportion of aliimine being prefent, the fufion 
fhould be very impcrfcA, more potafh muft be added, and 
the heat continued and raifed as high as the crucible will bear. 
When the crucible, with its contents, are fufficiently cooled, 
let both together be put into a capfule of porcelain, and 
nearly filled with diftillcd water. The whole fhould then be 
fet upon a fand-bath, and boiled for fome time, taking care 
to ftir it very frequently. This will detach the matter ad- 
hering to the crucible, and if any filex rpmain unacted upon, 
it will be diffolved by the potafh. 

Let the whole be now faturated with muriatic acid, and 
even added a little in excefs ; and then gently boiled tifi all 
the liquid is evaporated. During this, the mixture muft be 
confiantly ftirred ; and particularly at the time the mafs 
is becoming dry. 

To this refiduum let a large quantity of diftillcd water be 
poured. All the fubftances foluble in the acid will be now 
taken up. If it contain filex that will be left at the bottom* 
Let the whole be decanted into a narrow tall glafs veffel, to 
fuffer the filex to fubfide. Carefully pour off the dear 
liquor, and then add frefh hot diftilled water, and continue 
to do fo till the fluid does not caufe a precipitate with nitrat 
of filver ; obferving to fave all the wafhings which are aded 
upon by that tell. The remaining water may now be evapo- 
rated from the filex, and the powder, being heated red-hot 
in a crucible of filver or platina, fhould be then weighed. 
If it be pure, it will be of a delicate white colour, not adhering 
to tlie fingers, as is the cafe with fome of the other earths. 

The folution containing the remaining fubftances fliould 
be evaporated to as fmall a quantity as poflible, fo that the 
fluid remain liquid and clear. To this let a faturated folu- 
tion of the fubcarbonat of potafh be added, and afterwards 
boiled a few minutes. By this means, the whole of the in- 
gredients will be precipitated together, and when all of 
them have perfefliy fubfided, decant off the liquor, re- 
peatedly wafhing it with hot water. The firft decanted li- 
quor, with the wafhings, may be thrown away. Lallly, 
evaporate the remaining water, till the folid matter is of a 
pulpy confiftcncc. To this, in a capfule of good porcelain, 
add a folution of pure potafh. The alumine will be thus 
diffolved, while all the other fubftances will remain un- 
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touched* Let this fluid be poured off, and frefh water 
mingled with it, to take away all the alumine. Then, to 
the mixture containing the alumine, add not only as much 
acid as will faturate the potafh, but alfo a quantity fufficient 
to diffolve the alumine, when the liquid will be quite clear. 
Finally, to this pour in carbonat of ammonia, till no more pre- 
cipitate falls down. The precipitate, when wafiied and dried 
as above dirc6led, and heated to rednefs in a filver crucible, 
may be confidered as pure alumine. 

The refiduum from which the alumine was lad taken 
is now to be diffolved in fiilphuric acid, diluted with a large 
quantity of water, the acid being (lightly in excefs. This 
mlution may contain magnefia, iron, and probably manga- 
nefe. If lime were prefent, it will be left iiiloluble at 
the bottom of the veffel, in the ftate of fulphat of lime. 
The fmall portion of this fubftance diffolved by the fluid, 
may be precipitated by the addition of alcohol. The pow- 
der, when collc6lcd and dried at a dull red heat, muft 
be weighed; allowing for every 100 parts 42 of pure 
lime. The folution from which the lime was leparated, 
mutt next be faturated with a folution of the neutral carbonat 
of potafh. In a few minutes the iron will be precipitated 
in the date of oxyd, while the magnefia and manganefe will 
be diffolved by tlie carbonic acid. The iron muft be fe- 
parated, dried, and weighed. If with the folution containing 
the magnefia and manganefe a folution of hydrofiilphuret of 
potafh be mingled, the latter will be precipitated in the form 
of a fulphiirct ; and this being wafhed and heated till the 
fulphur is driven off, the oxyd of manganefe will be left in 
fufficient purity. 

The magnefia ftill held in folution may be precipitated by 
adding a fiiflicient quantity of pure potafti. The produdl 
muft be healed to rednefs, and weighed. The weights of the 
different fubftances being added together, will, if great care 
has been ufed, be within one or two per cent* of the quan- 
tity originally fubinitted to experiment. If the deficiency* 
be coniiderable, fome miftakc muft have been made, and it 
will be neceffary to repeat the analyfis. 

In the examination of falls of iron, nothing more is re- 
quifitc than to difengage the acid with which the iron is com- 
bint?d. The arfeniat of iron, for example, mull be boiled 
with potafh, which will feparate the arfeiiic acid, and leave 
the oxyd of iron but very little a< 5 lcd upon. '^I'he arfenic 
acid may be afterwards precipitated by nitrat of lead ; allow- 
ing for every 100 parts of tlie arfeniat of lead, when dried, 
33 parts of arfcnic acid. 

If the ore be a pure carbonat, to 100 grains in powder, 
add an equal quantity of fulphuric acid, in a glafs veffel 
which can be placed over a lamp. Heat the mixture fsir 
fome time, ttirring it with a glafs rod. The carbonic acid 
will be thus expelled, and its quantity will be indicated by 
the lofs of weight fuftained. Care fliould, of courfe, be 
taken that the heat be not too great, otherwife the evaporation 
of fluid matter may create error in the experiment. The iron 
may be afterwards treated as in the analyfis of the earthy ores, 
and its quantity afeertained, by the methods there deferibed. 
Having learned the exa<ft proportions of the ingredients 
united in the ore, we may, witn fome degree of certainty, 
proceed to the affiy by the crucible and fluxes. If the ore 
confift of oxyd of iron fimply, nothing more is neceffary 
than to introduce it into a crucible with about half its weight 
of charcoal powder, and any fubftance fufceptible of vitri- 
fication, fo as to keep off the air. This may be either 
pounded glafs, or equal parts of lime and clay. Dut perhaps 
the bed fubftance that can be employed, is the moft fufible 
part of the blaft furnace cinder, which is the leaft coloured 
with oxyd of iron. ''rhis may be employed in quantity 
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amounting to about half the weight of the mineral to be 
allayed. 

The earthy iron ore mud be treated according to the re- 
fult of the humid analyfis ; fuch earth being added as a flux, 
as ^ill make the moll fufible compound with that found by 
analyfis to be prefcnt. The carbonaceous matter may be 
from §• to i the weight of oxyd of iron. 

The furnace belt cakulated for thefe experiments is called 
an alTay furnace, and is capable of producing a great heat. 
See Furnace. 

The crucibles fliould be very fmall, not capable of holding 
more than three fluid ounces ; and they fhould be provided 
with covers turned to them in a Lithe before they are 
burned. The aflay may be deemed finilhed when the whole 
is in a ftate of fufion, and the metallic button feparated, 
wliich, being weighed, w'ill give the per aentage of iron in 
ihcoic. 

§ 3. ReJuffion of Ores^ and Manufa8ure of Pig-iron, 

Although iron in its pure Hate is almoft an infufible fub- 
ftance, it is capable of alTuming the liquid form, by being 
combined with other matter. With fulphur it forms a fufible 
xnafs, of which we lhall treat hereafter. It is alfo rendered 
fufible at a temperature fomething higher tlian that required 
to melt copper, by being combined with about y\th of its 
weight of carbon. It is to this compound in different pro- 
portions that the name of pig>iron is giv(»n, and it is fo de- 
nominated, bccaufe it is call into malTes of a femi-cylindrical 
fiiape, called 

The fuilbility of this compound of iron and carbon, 
enables us to extradl the metal from the C)re to the grcatell 
advantage. It is now common, particularly in our own 
country, to obtain the iron in this form, previous to making 
it into bar, or malleable iron. Formerly call metal was not 
much in ufe, except for tlic manufadure of bar-iron and 
Heel ; while in the profent day, a much greater proportion 
of it is confumud in tliat ilatc than in any other 5 and the 
majority of our furnaces, too, are folely employed for this 
branch of rnanufafture. 

The procefs by wliich pig-iron is obtained from the dif- 
ferent iron ores is called /melting ; and llie furnaces employed 
for the purpofe are called fmchingy or hlafl fumaeeu See 
Blast furnace, and Blowing. 

Th “ ores of iron require dilfcrent treatment iu the fmclting 
procels, according to the quantity of hetcrogeneoui matter 
with which the metal is combined. 

In all the ores the iron is in the (late of oxyd, and Would 
at leall require a ttrong heat in couta^l with comhufltihle 
matter for their reduction. In moll, the oxyd of iron 
is combined with a confiderable projiortion of cartliy matter, 
and they are then denominated ironflones. Tliefe may be 
generally divided into two clafTes ; the one called argilla- 
ceous, from abounding withcxcefs of aluinine, or clay t and 
the other calcareous, from lime being their principal earthy 
conlHtuent. Tlie former of thefe iron-ftones k by far the 
moll abundant in this country. 

But, befides the earthy matter and oxygen in this clafs of 
metallic minerals, many of them contain fulphur, which is 
doubtlcfs combined with the iron in the ftate of pyrites, 
Arfenic and manganefe are alfo fometirnes united with them. 
Of the above, the arfenic and fulphur are extricated, pre- 
viou^^y to fmelting, by the procefs called rotting. For 
this purpofe, the ft one is ftratificd with refufe pit coal, and 
burnt in large heaps in the open air. The heat is fufiicient to 
diffipatc the greateft part of the above volatile materials, 
leaving behind the earth and oxyd of iron} and alfo the 
manganefei when the ore abounds with tliat metal. 
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In die procefs of fmelting, two things are abfolulely 
oflential to the reparation of the iron. Firit, the metal itfelf 
muft he rendered fluid, wdiich will then, by its great fpecific 
gravity, defeend to the lowcft parts of the furnace, and 
iome other compound muft, at the fame time, be eliminated 
in a liquid form, fo as to float upon its furface, and defend 
it from the influeiue of the blaft. If the ore confifted of 
iron and oxygen alone, the carbon of the coke would com- 
bine with the oxygen ; and an excefs of carbon would alfo 
unite with the iron to render it liquid at that temperature } 
but here would be a deficiency of the fluid vitreous matter 
ncceffury to the defence of the iron from the oxygen of the 
blaft. H ence it will be ncccffary to employ fume fnbftance 
with fuch iron-ore, wliich (hall be capable of forming a liquid 
fcoria, or cinder, for the prcfcrvalion of tlie carburetted iron . 
when once obtained. So far as obfervation has diflated, it 
would feem that the cinder cannot be too perfedly fluid. 
The principles on which the fufibility of the cinder depends, 
arc not fimply confined to the materials ufed in the fmelting 
of iron, but refer to all compyound fufible matter with which 
we arc acquainted. It may be obferved, in general, and, 
indeed, almoft without exception, that the fulibility of an 
alloy of two metals is fufible at a temperature much lefs 
than the arithmetical mean between the fufing points of the 
metals thernf elves. For inftance, an alloy of load and tin 
is more fufible than ttither of the metals compofing it, and a 
fimilar mixture of copper and filver may be uftd as a folder 
for either filver or copper feparately. This property is not 
lefs confpicuoiis in the earths. None of them in their pure 
ftate can be fufed in our hotteft furnaces ; nor fcarcely 
with a dream of oxygen gas } although certain proportions 
of them arc, togetlier, fufible at the heat of a moderate 
air-furnace. Lime and clay, when feparately taken, may be 
confidered as incapable of fufion at any degree of heat, yet 
produced in furnaces ; and Hill, in certain proportions, they 
are too fufible to be made into even bricks or crucibles. It 
will appear, from thefe faC^s, that the iron-mailer cannot 
pay too much iittentum to the fubjedt of the relative fufibi- 
lity of the earths in different proportions. Moll of the iron- 
ores of this country are urgdlaccoub ; that is, confift, befides. 
oxyd of iron, of a Imall quantity of filex or flint, and a larg^, 
proportion of clay. Limeftone has always been employed 
for fuch ores, and, by combining with the clay and flint, as well 
as with a fmall portion of the oxyd of iron, forms a fcoria or 
cinder, eafily capable of fulion. Since, however, the pro- 
portions of tliefe earths in the ore cannot be uniform, the 
quantity of limeiione to be added ought to vary according 
to circ urn dances. We may hence infer, that if the fufibility 
of the cinder depends upon the particular proportions of 
the earths prefent, the iron-maker ought to poflefs a very 
perfeft knowledge of the relative fufibility of different com- 
biiiatiuns of theie bodies, and being at the fame time aware 
of the component parts of the ore to l>e reduced, he will not 
be at a lofs wliat fliould be added in the furnace, for the 
purpofe of producing the moft fufible cinder. But it will 
be proper here to obferve, that the earths prefcnt, however 
accurate may he their proportions, will not of thcmfelves 
form a cinder of fufficient fufibilitv, without the united aid 
of the oxyd of iron. This fa^t will be very familiar to thofe 
who have had experience in the ufe of fire-bricks. Clays 
wdiich are free from that ingredient do not burn of a red 
colour ; and hence the v^ Kite appearance of fire-bricks is a . 
tolerable tell of their goodnefs. But thofe, on the contrary, 
which exhibit a rednefs on being fired, are eafily fufed, and 
unfit, conrequently, to be ufed in thofe fituations which are 
expofed to great heat. The proportions of lime, clay, and 
oxyd of iron, ncceilary to conftitute the moft fufible c;om« 
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potitidi Kai not, as we have yet heard, been dire^ll]^ afcer- 
tained by experiment. An inquiry, undertalcen with this 
view, would, however, be of great importance to the iron- 
maftcr. It might be effeded in two wye ; firft, by mixirg 
different proportions of the materials employed; and, fc« 
condly, by a. direft analyfis of the mod fuilble part of the 
blalUfurnace cinder, and that with which the beft and molt 
carbonated iron has been produced. The cinder which 
fufes at the loweft temperature will be beft known by its 
fradture after cooling. It may, in general, be deemed good 
in proportion to its earthinefn when folid, and particularly 
fhould the outer cruft appear glaffy and tranfparent. A 
reafon may be given for this appearance, by reference to 
fome fadts announced by fir James Hall and Dr. Hope, in 
accounting for the opacity of the whin-ftone. They found 
vthat when common Hint-glafs, which is more fufible than 
the blaft-fiirnace cinder, was allowed to cool flowly, the 
tnafs became opac^^ue, and put on a ftony appearance. 
They hence conc'uaed, that the whin-ftone might have been 
tranfpareiit, and have poffeffed a glaffy fradlure, had it been 
cooled rapidly. The inference to be drawn from this will be 
obvious { for the more fufible the cinder, the longer it is in 
cooling, and confequently the more opaque. What 
ftrengthens this idea, too, is, that the exterior of a mafs of 
binder is more tranfparent, almoft conftantly, than the inte- 
rior ; and the centre of that in particular, under which the 
jbeft iron is made, having a ftony feature, with a thin vitre- 
ous (hell furrouiiding its out fide. In beginning to work 
.any new ore of iron, vhe firll ftep is to analyfe it, both in the 
-dry and humid way. By the firft, we get the per centage of 
iron in the one ; and by the fecond, we become acquainted 
with the quality and proportions of its earthy matter. The 
next ftep is to analyfe the coal to be employed, fur the pur- 
pofe of afciTtaining the quantity of carbou it contains, and 
alfo the nature and proportions of its earthy refidua. Thefe 
fadls being clearly made out, there v ill be nothing iieceffary 
.but to add to thefe matiTials a proper mixture of fuch fub- 
llance as will make the moil fufible cinder. If the ore be 
Argillaceous, or, in other words, if clay predominate, lime is 
to be the material employed. Indeed, ores of this defeription 
are fo very common, that lime has been thought the only 
fubftance to be iifed, under all circumiUncos, for the pur- 
pofes of a flux ; and fo completely ignorant liave the iron- 
makers been of the philofophy of the procefs, that it has 
.even been attempted to be added \'vhen the ore has already 
abounded with calcareous ingredients. 

Keeping in view the principles we have juft laid down, 
the management of the calc:ir-*ous ore will be equally eaiy 
with the mode of working the argillaceous ; fince, in fuch 
cafe, we have only to employ cKy for the flux inftcad of 
jime. But the beft method would, perhaps, be, if the com- 

f ionent parts of an argillaceous and a calcareous ore were 
ufBciently well known, to mix the two together in proper 
proportions. 

Whateve r may be the fubftance employed, whether it be 
Jimeftone for an argillaceous ort, or clay for a calcareous ore, 
it ftiould be very minuttly analyfed, as tliofc fubllances ai*e 
fcarcely ever found in a (late of purity. The lime (hould, if 
poifible, be the fh limed one. At all events, the maguefian 
ilratum diould be avoided, fince that fubftance tends much 
•to leffen the fufibility of earthy compounds. Some fubllances, 
io which wt |rive i.ic name of clay, frequently confiit of a 
large propor* r.n of fome other earth. 

Another thing to be attended to, alfo, is the Rate of oxy- 
dation h v, ’lich wt find the iron-ore. 

It it be iii^lily oxydated, more of the carbonaceous matter 
•rill bfi required for its reduction, and in all probability a 
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longer time; but, befides this, a greater quantity of die 
oxyd of iron will combine with the earthy matter, whiebt 
alth ough it may contribute to the fufibility of the cinder, 
a large portion of the iron will be loft. On the contrary, 
when the iron is in a low ftate of oxydation, the whole of 
the iron may be apt to combine with the carbon, and the 
earthy matter may not get a fufHcient quantity of the 
oxyd to render it, in a proper degree, fufible, In fuch 
cafe, it would be neceffary to add fome oxyd of iron, wliich 
might more eafily vitrify and enter into the compufition of 
the cinder. 

The coal employed in the fmeltin|: of iron, for the pur- 
pofe of being coked, is commonlv laid in heaps in the open 
air, and afterwards fet on fire. When the combiiftion has 
gone oil to a certain degree, the fire is checked by covering 
It with dud and pre' nititig all pofiible accefs of air. For 
farther pai iiculars, fee Coke. 

It is effential tiiat the coke fiiould be harder than it can 
generally be made in the open air without confiderable 
waftc ; and we recommend, therefore, the method employed 
in making the cokes for melting fteel. The coal, which is 
very foft, is piled up in ovens of the fliape of an ere^t 
frullum of a cone. I’he air is let in at an aperture near 
to the bottom, which is contradled in fize as the combuliion 
becomes rapid, and ultimately clofcd. The whole mafs 
will at this time have acquired fuch a degree of heat, as 
not only to drive off all the volatile matter, but to render 
the coke extremely hard. There is a confiderable faving 
in this mode of coking, and the coke is not only more com- 
paft, but better adapted for the generality of ores of iron. 

In fmelting the argillaceous ore, the proportions of the 
roafted ore, and the liinellone, are governed entirely by the 
coke employed. The latter is always a fixed quantity, 
and the ore and limeilone are varied according to the quality 
of the iron to be made and the working order of the hir- 
nace. In proportion as more or Icfs of lime and ore are 
added to the ilandard quantity of coke, the furnace is faid 
to carry a greater or lels burthen. 

It would he ufelefs to give any prccife proportions of the 
ore and limeilone to a givan quantity of the fuel, fince they 
are found to vary with the nature of the coal in ufe ; 
and, what is not a little remarkabre, the proportions will 
frequently vary in two furnaces working with the fame 
coal, and even in the fame furnace at different times. 

The burthen of the furnace will alfo vary with tlic 
quality of iron to be made, that is, as it is required to con- 
tain more or lefs carbon. In mciking the dark-grey iron 
called N I, and which contains the greateft proportion of 
carbon, the burthen mull be lefs than tliat required to make 
the lefs carburetted iron, commonly called while iron, or 
forge-pig. 

To give a general idea of the proportions of the ma- 
terials, we fiiall prefent in detail, the quantities ufed at a 
Wall -furnace, making in general good melting iron, which 
is <if an intermediate quality bclv/cen N 1 and the forge-pig* 
The ore is argillaceous, containing about 27 per cent* oi 
iron ; the coal rather foft, but having a good priiportion 
of carbonaceous matter ; and the bineltonc good, being of 
the file ly kind before fpoken of. The furnace is about 45 
feet high, and i2ij feet diameter in the wideft part. It 
works with a bright tuyere, and receives from the blall 
about 2500 cubic feet of air in a minute, through a cir- 
cular aperture of 2^ inches in diameter. 

The average charges of coke per Jhift, as it is termed, 
or in the fpace of 1 2 hours, are 50 (each aj cwt*), or nearly 
feven tons. The calcined ore for good melting iron is about 
the fame quantity ^ and for forge-pig, .or the Icail carburetted 
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^riety, fix of coke to fcven of ore# ^ The UmelV>ne un- 
fa amt| under the fame circumiUnceSi is to coke as four to 
eleven ; and, for melting metal, retains a fimilar ratio. With 
the above charge per day, that is, for 12 hours, this fur- 
nace makes on the average about 40 tons of melting iron 
per week. 

Some furnaces carry fo little burthen as not to yield 
more than ij or 14 tons weekly; whilft others, particularly 
in South Wales, produce, with the fame fized furnace, as 
much as 60 and even 70 tons in an equal time. The burthen 
of thefe furnaces is very great, the ore to the coke being in 
fome cafes as 13 to 7 ; and the quality of the iron is 
uniformly inferior. Since the cavity in the furnace is con- 
ftantly kept full of the above materials, it may eafily be 
conceived that the whole mud be in many intermediate 
dages, from the fully melted iron to the unchanged ore. 
At the point where the greateft heat is produced, which 
will be a little above the level of the blaft, every thing 
capable of fufion will be affuming the liquid form. We 
cannot, however, for a moment fuppofe, that the iron at 
this point is in a date of oxyd, fince it would of neceflity 
be all vitrified, and enter into the compofition of the cinder. 
If the iron, even in its carburetted form, were to remain 
long at fo great a temperature, and within the influence of 
fo much oxygen, it would firfl lofe all its carbon, and ulti- 
mately pafs into the date of vitreous oxyd. As, however, 
tiie oxygen of the blaft rifes in the furnace, it comes in 
contact with the carbon of the coke, and is very foon con- 
verted into carbonic acid gas. That point in the furnace, 
therefore, where the whole of the oxygen has entered into 
combination with carbon, may be denominated the com- 
mencement of cementation, or the point where the oxyd 
of iron is firft deprived of oxygen, and ultimately faturated 
or cmentedy as it is termed, with carbon. From this point 
to the top of the furnace the procefs of cementation is 
going on with different degrees of rapidity, proportionate 
to the temperature. It is found by experimcMit, that if a 
piece of iron-ore, particularly any of the oxyds that con- 
tain but little earthy matter, be expofed in a clofe vefl'el 
in contact with carbon, it will firft lofc the whole of its 
oxygen, and afterw^ards become fo faturated with carbon, 
as to be capable of fufing into the beft pig-iron. HeOcc 
it appears that the reduction of the ore, fo fiir as relates to 
the deoxydation and carbonization of the iron, may take 
place at a temperature below fufion. and without the mafs 
of ore changing its form. The ore expofed to th^ car- 
bonaceous matter in the cementing part of the fui^ace, 
mud as completely undergo a fimilar change as if it were 
in the clofeft veffel ; for the oxygen is excluded by the 
l^refence of carbonic acid gas. When the carbonized, 
but yet folid, iron, in the form of the ore, falls below the 
cementing point, or perhaps fhort of that, it begins t» fufe. 
The earOiy matter of the ore, being in contaS with lime, 
begins alfo to affume the liquid form ; and wliilft the melted 
metal is expofed to the oxygen of the blaft, a fmall por- 
tion of oxyd of iron is produced, which will enter into 
the compofition of the cinder, and thus tend to increafe its 
fufibility. The liquid iron now drops into the chamber 
of the furnace called the hearth; and the liquid cinder, 
being of lefs fpccific gravity, floats upon its furface, com- 
pletdy defending it from the oxygen of the blaft. Hence 
we fee that the column of the blaft-furnacc may be divided 
into Iflircc portions ; the upper portion, or cementing part ; 
the middle, or melting part ; and the chamber, or Ticarth, 
where the metal is preferved till it is in fufiicient quantity 
to be run out into pigs. The cementing portion is by far 
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the moil; extenfive, and' will vary in ltd extent with the 
ftrength of the blaft. 

Since the combuftion muft be in proportion to the quan- 
tity of oxygen confumed in a given time, the heat of tlie 
furnace will depend upon the quantity and velocity of the 
air blown into it to a certain extent. If the blaft fhould 
have too great a velocity, the oxygen would pafs through 
a greater fpace in the furnace than is defirable before it 
was difpofed of, and the cementing portion would be leflened 
in confequencc. On the contrary, if the velocity were too 
little, the heat would be confined to the vicinity of the 
tuyere, and the cementing, as wxll as the melting proceffes, 
would be retarded for want of heat. 

When the blaft is fufficient to generate the ncceffary heat 
for melting the cinder and the metal perfeftly, the extent 
of the cementing portion will depend upon the height of 
the furnace. This gives us one very fatisfadlory reafon, 
why a furnace is required to be higher for the ufe of coke, 
than when it is heated with charcoal ; fince the carbon of 
the latter enters into the compofition of the iron with much 
more facility thati that of the former. 

According to experiment, it appears that the facility with 
which carbon entei s into combination with iron, in a clofc 
veflel, is inverfely as its aggregation or cohefion. Hence 
it is found, that the carbon obtained from animal fubftanccs, 
which is foft and porous, is beft calculated to convert iron 
into a carburet. 

It will appear from the laft obfervation, and from what 
has been faid on the nature of coke, that the carbon em- 
ployed for cementation fliould be mechanically different 
from that required to generate the great and permanent 
heat ncceffary to the fufion of the materials. The one 
in the cementing portion (hould, therefore, if it were prac- 
ticable, be furrounded with coke of the fofteft kind, while 
the materials within the influence of the blaft, and occupying 
the melting portion, (hould be fuppficd with fuch as is 
harder. 

In making the mod highly carbonized iron, or what is 
called N'* 1, it fometimes happens that a portion of the 
iron unites with a great excefs of carbon, forming a fub- 
ftance, which, when cold, appears in bright fliining fcales. 

It is found to poffefs moft ot the properties of plumbago^ 
differing from that fubftance only in containing lefs car- 
bon. This carburet is no doubt in the liquid form in the 
furnace, and, being of much lefs fpecific gravity than the 
iron, floats upon its furfacc. It is fo much more infufible 
than the metal, that before the iron enters the moulds of the 
pig-bed it is fecn fwimming at the top in the fcaly form 
before mentioned. 

This fubftance is called by the workmen kt/h ; and when- 
ever it appears, is a certain fign that the furnace is working 
on the beft fort of iron. So furely, indeed, is it the cafe, 
that N' I, or the moft highly carburetted metal, has re- 
ceived the epithet of ij/hyt becaufe li/b is the common 
attendant on its production. 

The moft remarkable and anomalous circumftance pre* 
fented in the fmelting of iron, is the difference in quantity 
and quality of tlie iron made in winter and in fummer, when 
all other tnings arc equal. It is a fad well afeertained, that 
in order to make the fame quantity and quality of iron in 
fummer as in winter, the furnace will not carry fo great a 
burthen, and, at the fame time, the means of generating heat 
requires to be increafed. 

Various opinions have been given to explain this curioaa 
fad. Some have fuppofed that the proportion of the oxvgen 
was lefi in the atmolpiiere in fummer than in winter. Otnerst 
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that tfie excefs of moifture contamed m the air in fumnicr 
above that in the winter, might explain the phenomenon* 
Whatever may he the canfe of this difference in the blaft- 
fnrrHCi’, the fame may equally be referred to common fires, 
which, it is well known to every one, arc much hotter in 
v/intcr tlian in funnner. If the Lavoifierian cloClrinc of 
combiiilioii wore true, vve Hioiild not expedt that the power 
of air to generate heat vvnild vary with tl^e temperature, 
fincc the fame caloric wl.icli had contributed to dliate tlie 
oxygen in fummer, would be given up when the oxyp;cn 
cvirnbined with the earbon. Unfortunately for that doc- 
trine, however, vve find that thequautuy of heat generated 
during ih** combinatioii of oxygen, is direCfly as the cjjnan- 
tity of (^\ygen, whatever may be its Hate, whether lolid, 
liquid, or aeriform. 

It app!..ir8 from general obfervation, lliat the diru-mice in 
the quantity and quality of the iron made in winter and 
fiiminer m ly be, in a great meafurc, referred to changes 
ainliug from variation of temperature. The average refult 
of this atnioiplierie influence is different with different bLifl- 
furnaces, and, indvd, with the matu'ials employed; but in 
gi*neral tlie tpiantity varies in winter and Inminer from Jtlito 
■Jlh, befides the alteration of quality, which in fome furnaces 
cannot be prevented by any change in the burthen. 

If the whole' of this difference depend upon the tempe- 
rature of the blad fent into the furnace, we mull cxpcdl to 
find it either in the increafed rarity of the air, or in the pre- 
fence of moiflure, which exids more abundantly in the atrno- 
fphere in fummer than in winter ; or, perhaps^, it may be 
attributab’e to both tkefe circumllanccs. 


fo) X .00208 : T ; and the oxygen, confeaiiently, in 
fummer will be .104, or little more than -r'^th lefs than in 
winter. 

The dcfedl arifing from the relative quantities of moif- 
ture contained in the air in winter and fummer will be very 
trifling, except where the water -regulator is employed 
indeau of the air vault or common regulator. (Sec Blast- 
furtmee.) Wiion the air docs not come in contad^ witli 
any thing mold after entering the blowing cylinder, in order 
to learn the quantity of water profeiit, vve have only to 
afeertain the relative proportions of vH])Our cxifling at the 
refpedlive tcnqjcratuics of the atmorphere in wunler and 
fummer. It appears from a theorem, wliich we have founded 
upon Mr. Ualton’s ingenious experiments upon evaporation 
and the force of vapours, that the quantity of vvuter in 
air at 32", at vvhicli temperature we fuppofe it to enter the 
furnace 111 winter, is equal to 2.04 grains in each cubic 

foot. This, in weight, is ; and in bulk, vapour being 

to air at 32' as 274 to 561, equal to — ~ of the whole, 

2/4 

or .007^. The fummer air, which we take at 55^ con- 
tains 5.32 grains in a cubic foot; a quantity amounting in 

weight to ^ , and in bulk to——, or .cio of the 

524 274 

whole. The difTcrcnce .01 is the deficiency of common 
air in fummer, arifing from the prefence of aqueous vapour ; 
and makes the total variation in the quantity of oxygen bc- 


Soon after the condituent parts of water were difeovered, 
fome iron-maders attempted to prodnee combudion by bJow^- 
ing dcam into the furnace. But, notwiihdanding the great 
proportion of oxygen exiding in aqueous vapour, their ex- 
peftations were far from being realized, and the fthemc was 
given up by them under a firm convidtion that it never could 
fucceed. 

'lliis experiment, however, ferved to fhew that no more 
mifehief might be cxpeclcd from the vapour of water in the 
atmofpheiv, than its merely excluding a portion of oxygon. 
Conceiving it, therefore) to l»avv no other inlliioiice in tlie 
furnace, we will fubniit forne c dc illations to the reader, in 
order to Ibew the abfoliite difference in the quantity of 
oxygen font into the furnace in winter and in fummer, and 
to afeertain wimt fliarc of the defed may be attributed to 
this circumdaiicc, or wl.cihtT tlic whole may not fafely be 
referred to it. 

Wc have much to regret that wc are not in pofiefiion of 
more experiments as lo the temperature of the air font into 
the furnace at different limes of the year. The mere tem- 
perature of the atmofphci'cis not fulficient for this purpofe, 
fince the air gives out mucli lu at by compivlfion in the blow- 
ing cylinder. In a former piirt of this work (fee Blast- 
funiacf)^ a table of fome ol-firvations was given, on 
vvlach, as far as they go, reliance may confidently be placed. 
Tn this tabic the temperature of the air was dated when it 
entered the blowing cylinder, and after it had been com- 
rclfed into a vault, from which it paffed into the furnace, 
f vve take the temperature 0!i its tuitranoe into the furnace 
in winter at 50"', and in fummer at too , the difference wull 
be and the variation in the quantity of oxygen will be 
iiiverfrdy as the increafed volume of the air. It is found 
that claitic fluids are augmented in bulk by one degree of 
Fahrenheit ,00208 of the whole. Therefore, the quantity 
of oxygen at 50'’ will be to that at 100^ as i 4- (100 — 
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tween fummer and winter equal to .115J = 
nearly. 

AVe here confidzr water as producing Injury merely by 
difplacing a certain proportion of oxygen, and not being 
prejudicial in itfclf, ns is fiippofed by the gem rnlity of iron- 
mullcrs. The reafim given for iUs had eiteCts dees not ap- 
pear iutilled to much weight. 'I'lie opinion commonly 
erUirtained is, that tlie carburetted hydrogen fet at iibcity, 
carries off a greater quantity of hear tliaii the nit*-ogcn of 
atmofpheric air. An effect which, if even true, is inade- 
quate lo explain tlic appoaram es. When tlie air is received 
into a water-regulator, as is the cafe iu many blall-furnncc 
v^orks, a mudi larger quantity of moillnre may be expected 
to ci:lcT the furnace, than with the ordinary apparatus. In 
ibe above calculation, if the air had been received over wa- 
ter, we fhoidd find that its temperature in the receiving 
velfel in winter and fummer would be yo ’ and 100 '. The 
yajiour in tlie former amounts to 4.67 grains in a cubic foot : 
in the latter, to i8.(^y grains iu the fame quantity. 

Hence, airat 100' will contain Icfs oxygen than that at 
50“, by 055 of the whole; wliich is a little more than 
-jVtli. Tins added to the lofs by increafed temperature 
alone, will be .159, or nearly -^th. 

We may from this conclude, that the extra-quantity of 
moiilurc admitted by ufing the water-regulator, will at any 
rate increafe the difference in the amount of oxygen frprn 
^th to ^ih, or thereabouts ; v^hich, in all probability, will 
more llian counter-balance the good effe^h arifing from its 
uniform prcflurc. There does not appear to be, in the 
prefent ftatc of our knowledge, any means of effcdtually 
remedying this evil. Some good might accrue from ad- 
mitting the exterior air as cold as pollible, and not allowing 
it to come in contaft with water after entering the blowing- 
cylinder. This may be done to a certain degree, by caufing 
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the air to afeend from a deep pit, by a pipe communicating 
with the blowing cylinder. This contrivance, however, 
fhould be alaid aiide whenever the air of the atmofjdiere 
'becomes colder than the average temperature of the earth. 

With regard to the defedl ariling from increafe of volume of 
the air in the fumnier months, the heat caufed by the fric- 
tion of the blowing pifton will be found to contribute much 
to the evil. The air by this means gets an additional elaf- 
ticity, and if the fame quantity of air be thrown into the 
furnace it muft be effedled by decreafing the prelTurc of the 
blaft, or by increafing the aperture of x\\e nofe-pipe. If the 
<:omprcflion of the air could be effedled by any means which 
would avoid the frid^ion of machinery, it would no doubt 
be a defideratum in the procefs of blowing. It will appear 
from thefe fa 61 s that in fummer, when tne quantity of air 
•is deficient from increafe of volume, and from the prefence 
of water, that a larger quantity of air Ihould be made to 
enter the furnace, partly by increafing the velocity, and 
partly by ufing a mfepipc of greater diameter. If the 
deficiency were made up by the increafe of preffure only, 
the velocity would be too great for producing a maximum 
of combufiion, where it is immediately wanted, independent 
of the mechanical evil it would be liable to produce. If, 
on the other hand, the aperture of the nofe-ppe were in- 
creafed in fummer, to make the quantity equal to that of 
winter, the air would enter in a ftate of greater rarity, and 
the combuftion would, from this caufe, be of lefs intenfiry. 
This circiimftance alone, perhaps, is fufficient to prevent 
a complete remedy of the evil, and will go far to explain 
the difference between the fractions refulting from calcula- 
tion and experiment. 

We (hall conclude our account of this department of 
iron-manufafturc with fome general obfervations upon the 
nature and properties of pig-iron, as it is applied to different 
purpofes. 

When the iron has combined with its full dofe of carbon, 
conllituting what is called in the trade, grey, or fmooth- 
faced iron, and alfo N i, it is admirably fitted for making 
the lighter and finer fort of callings, fuch as grates and 
oiher ornamental work. It is from iron of this quality that 
the cad-iron cutlery is nuimifa£hired, fince no other would 
run fiifficienlly fluid for articles fo fmall as the prongs of 
forks, and the bows or rings of feiflTors, Tliis iron, ^w- 
•ever, is not the bed for larger cadings where drengUl and 
hardaefs are defirable ; as in large wlieels, for example, 
beams, pillars, railways, fi:c. Ihe metal employed for 
thefe purpofes contains a lefi'er proportion of carbon than 
the former, and is generally called melting-iron, or N"* 2. 

That fpccies of pig-iron, liowcver, which is combined with 
the fmalled dofe of any, is almod cxclufively employed for 
making malleable iron, and is called, for that rearon,>;yc. 

W^c have given, in the next fcClion, an account of the 
proportion of carbon prefent in the different varieties ; and 
it will appear from thence, that of all the combinations of 
iron and carbon, fleel contains the lead, and ^cy, or N' i, 
pig-iron, the mod of any of the compounds we are yet 

acquainted with. , r * 

As a proof that pig-iron only requires to lole its carbon 

to become malleable, we have at prefent in tliis country 
manufa^lnres upon a large fcale, for converting cad metal 
goods, fuch as nails, cutlery, &c. into iron pcrfedly mal- 
liable, without even changing the figure given to them by 
cading. Nails produced m this way are fo malleable, even 
when cold, as to bear the hammer, and are capable of being 

bent to a right angle in a vice. , /r 1 

But a dill llronger proof that this met^ alTiimcd the 
form of iron is from the great kcat it will bear, ^ he 
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prongs of a common fork macle 1>y this procefs Can be 
welded together with the gi'eated facility. Pig-iron, until 
lately, has been confidered a much more complex body than 
experience has warranted. We have heard or its bein;T fup, 
poled to contain (ilex, or, according to Mr. Davy, filicum, 
to which it owes fome of its crude qualities. But the pro- 
cefs jud mentioned is fufficient to refute the affertion. Iron 
mader^ even at this day, however, will -talk about oxygen^ 
ated pig-iron, meaning that w'hich is lead carbonated ; but 
it mud be clear to every one acquainted witli the chemical 
qualities of thofe bodies, that the prefence of carbon and 
oxygen in a liquid mafs is perfc^lly impoflible, as they are 
incapable of cxiding together uncompounded at any fuch 
elevated temperature. Hence wc mud regard pig-metal 
as a compoimd of iron and carbon only. Mangancfe may 
perhaps fomotimes be prefent in it, when particular ores 
are employed for fmelting, but its union mull be confidered 
as accidental. 

To make pure iron, therefore, we have, from thefe con- 
clufions, only to extricate the carbon. I’liis may be done, 
in fmall maffes, by ftratifying the articles in a dofe veffel 
with fome fubllance containing oxygen. The poorer iron 
ores, whicli are free from fulplmr, are ufed in powder for 
this purpofe ; and after the materials have been expofed 
to a heat jud Ihort of the fufion of the metal, the air being 
completely excluded, the carbon will become diffipated, 
and the iron left in a Hate of purity. See Casting and 
Founder y. 

§ 4. Converjian of Pig-iron into mdllcahle Iron, and Steel. 

I. Bar, or wrought Iron — Iron, as obtained by the re- 
dudion of its ores in the blad-fiiriiace, contains, as we liave 
before Hated, a certain proportion of carbon, which renders 
the metal unfit for the various purpofes of forging, but 
conditutes its principal value as applicable to tlie ufe of 
the founder. To deprive it of this ingredient certain pro- 
cefles are gone thix)ugh, the objc6l of which is, by the con- 
current adioii of heat and air, to diflipatc the carbon under 
the form of an eladic compound. The kind of iron chofen 
for the converfion is that denominated by numufadlurers 
forgepig. It k the lowed quality made for the purpofes of 
art ; and, in confequcncc of its being combined with a fmallet 
dofe of carbon than any other, which tliiis caiifes it to bear 
a lefs price in the mai*ket, is doubly preferable for the end 
required. 

The price of pij^-tron is almod cxclufively determined by 
the quantity of carbon which is in combination with it. 
The varieties ufually didinguifiicd are N' 1, otherwife 
called grey, JmoothJaced, or kifhy, metal; 2 and gt 
and forgeph. The proportion of carbonaceous matter prew 
fent in tliefe varieties is differently dated by different cx<- 
perimentalids. Clouet makes the highed proportion to 
amount to ^th ; but from the refults obtained by Mr. Mufhet 
in combining iron direBly with the dofes of charcoal requifite 
to produce its various fub-carburcts, appeared to be the 
maximum. Of this, the following table, publifiied by him 
in the 15th vok of the Philofophical Magazine, will afford 
the neceffary proof. 

Soft cad- deel Tjw 

Common ditto xiir 

Same, but harder - - t. - - ^‘5 

Ditto, too hard for drawing - * . " , - 

White cad-iron (fame as before called/c/r^^/i^) 

Mottled cad-iron (N^ 2.) 

Black cad-iron (N^ i.) " fi 

The firl): dep in the procefs of decarbonizaiion, according t6 
the more common mode of operating, is to expofe the iron in a 
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furnace^ called by feme a refinery^ but by others, to diftinguifh 
it from one hereafter to be deferibed, a run-out furnace. It 
confdts of a vcflel open at the top, imbedded in Hone or 
brick work, about two feet three inches long, two feet 
wide, and ten inches deep. This is generally, in part, con- 
ilru^cd of call iron ; and, when fo made, has an outer cafe 
about two or three inches diftant from the inner one, which 
is conflantly fupplied with a ftream of cold water to pre- 
vent the apparatus from melting. The iron to be decar- 
bonized is placed in this receptacle, and kept in a continual 
date of fiifion for three or four hours by the aid of a 
coke fire, which is heaped to a confide rable h^'ight above 
the level of the veflel, and extended proportionally on the 
hearth that furrounds it. The fizc of the hearth is mottly 
about three yards in length, and from two to three wide, 
and is completely covered by the funnel of the overhanging 
chimney. Bellows of confiderable fize are employed to carry 
on the procefs ; and the current of air which iflues from 
them is diredted immediately on the furface of the iron by 
one or more tuyeres. Tlicfe tuyeres are double, like the 
cafe, and continually cooled by the application of the 
fame means. When the decarbonization is completed, the 
metal is let out at an opening in the fide, which has been 
kept clofe during the pperation by a flopping of fand. It 
flows into a groove about 1 8 inches wide, and fix or feven 
feet long, confirudfed of ftonc in the floor that furrounds 
the furnace. The bottom of the vefTel is fo placed as to 
be nearly on a level with the floor ; the only elevation given 
to it being what is merely fufficient to let the iron run 
out with facility. A confiderable quantity of vitreous oxyd 
is formed during the procefs ; and the lofs in the weight 
of metal, which is ftated to amount to from to |th, is 
principally referable to this circumilance. The total quantity 
of carbon which the iron contains originaUy is not efti- 
mated at more than th ; and yet the approach of it to 
the pure date, or, in technical language, to the Hate of 
bar or wrought irouf after this operation, is very Inconfi- 
derable. 

The cake of metal procured by thefe means is broken 
into lumps of a convenient fizc, and fubjedled, in a furnace 
of another defeription, to a procefs known in the art by 
the name of puddling. The furnace, which is alfo difiinguifhed 
by the fame term, is a variety of tlie rever!)eratory ; and at 
the immediate point where the flame Hrikes upon the 
hearth, a fliallow concavity is worked out, in which the 
melted iron is expofed. Oppofite to it is a door, and through 
this the metal is kept in continual agitation, by means of a 
fort of rake, for the purpofe of exhibiting frcfli furfaces 
perpetually to the influence of the air. Water is likewife 
occafionally thrown in, which in fome degree contributes 
to the decarbonization. With the lofs of carbon, the iron 
alfo lofes its fufibility, and about the middle ilage of the 
operation appears in the form of fmall detached lumps, 
which fcarcely feem to exert any affinity for each other. 
At length, however, by much (lirring, and frequently prefling 
them together, they cohere into a pulpy mafs ; and being 
gathered into pieces of a convenient fize, are carried under 
rollers, where, after pafling through four pairs, in fucceflion, 
of a gradually diminifliing guage, they are produced into 
plates feven or eight inches wi&, and three feet or more 
IB length* Confiderable quantities of matter are fqueezed 
out in the rolling, which -principally confift of a vitreous 
kind of oxyd* This is, for the moft part, to be referred 
to the a&xon carried on in the furnace ; but fome portion of 
it is, in all probability, created by the combuflion of fmall 
pieces of fluid metal, which, engaged amongft the particles 
of the puddUd mafs, are hurlea wough the air in a ftate 


IRON 

of vivid inflammation, by the compreffive violence of the 
rollers. The total lofs thus fullained is eflimated nt from 
J th to |th. The plates obtained by this treatment have a 
very incompaft appearance ; and if attempted to be worked 
in the ftate they are then prefented under, would cf umblc 
almoft wholly into fmall granulated lumps. To impart to 
them the neceflarv clofenefs and folidity, they arc again 
heated in another kind of furnace, and beaten forcibly with 
a heavy hammer, which is raifed by machinery. 

Previoufly to being thus treated, they are broken up into 
cakes of fmall fi/.e, and placed upon circular flahs of ftone 
from 8 to j 2 inches in diameter. The fize of the cakes is 
in a great meafure determined by a particular effe^l of the 
laft pair of rollers that they arc pafled through ; ribs, of a 
diamond (hape, girding either one or both of them, on the 
whole extent of their furface, which leave a deep indenta- 
tion on the plates, fo as to render them ealily frangible in 
that dire£lion. The height to which thefe cakes ai*e piled 
on the circular flab juft fpoken of, is generally about \t 
inches ; and when fo prepared, they are placed on the hearth 
of a reverberatory furnace, which differs but little in form 
from that employed for puddlings except in being flat at the 
bottom inftead of concave. The furnace is denominated a. 
balling furnace ; and the piles of metal, pia or balls. They 
are continued in this fit nation until they have arrived at a 
welding heat, and arc then removed by large tongs under 
the ftroke of the hammer. Near to the place a fmith’s 
forge is kept in hlaft, where long bars of iron arc alfo urged 
to the welding point ; and, after the firft ftroke or two of 
the hammer, united to the balled mafles, to afford greater 
convenience in turning them. The mafles 4ire beaten out 
into ingots of about cIutc feet in length ; and the bar laft 
mentioned being feparated, they are divided deeply by 
an iiiftrument termed a to facilitate their being after- 
guards broken ; and the procefs is then completed, Tliey 
are in this Hate called blooms ^ and have yet to under- 
go another operation, for tlie purpofe of being made 
into bars or plates. Much lofs is fullained by the laft 
treatment, and principally from the fame formation of oxyd 
as was noticed in the preceding cafe. The quantity thus 
loft, added to the waftc occafioned in the hloomery^ which 
comes next to be defci'ibed, is ufually confidei*ed as equal 
to jth of the metal obtained by puddling ; which wdll make 
the total deficiency, by all the operations, as nearly equi- 
valent to The bigots or blooms^ which arc received 
from the hammer, after being broken, over a fmall wedge- 
fhaped block of iron called a tup^ are placed in a fpecies 
of reverberatory, very lirnilar to the balling furnace, and 
denominated a blooming furnace, or bloomery. They are 
here heated to welding, and then fubmitted to the requifite- 
preffurc under rollers, which arc either plain or grooved, 
according as the iron is wiihed to be obtained in plates or in 
bars. This completes the whole of the proceffes ncceflary 
for making the beft malleable iron ; and it refults from the 
obfervations which have been premifed, that, in order to pro- 
cure one ton of it, five-and-thirty hundred weight of forge^ 
pig is previoufly required. 

Two other modes of operating are at prefent in ufe ; one 
of which omits the puddlings and the other, that part of the 
foregoing procefs that concerns the fabrication of bloom.. 
In the former, iron is expofed to the heat of a charcoal fire» 
in a fpecies of furnace precifely fimilar to the one before de- 
feribed at a refinery, or run-out furnace; and is continued in 
that fituation, until the metal is thought to be fufficiently 
decarbonized. It is very frequently ftirred during the 
operation ; and when brought into nature, (to ufe the tech* 
iiical exprtilioni) ii coUemd into mafles^ and removed by 
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tonga under a large bammer, denominated, as applied to 
this particular ufe, a Jlampin^ hamm*ry where it is beaten 
into cakes, which are afterwards broken up, and treated in 
the balling furnace as bcfoie deferibed. This is the old 
mode of working, and the iron olnained from it is by many 
conceived to be of very funcrior quality. The heut pro- 
duced is confiderably inferior to that afforded by coke in 
the run-out furnace ; and the iron is Icfs furroiinded by the 
fuel than in the cafe jud mentioned. The prefent charcoal 
lire is properly a refnery^ and not tlic one which is ufed 
merely as a preliminary to the pwjccfs of puddling. H ,‘fe, 
the hufmefs of dccaibonization is at once completed ; and 
the refulting metal is in the fame ftate of purity rs that 
yielded from the rollers, after it has been puddled by the 
other method. Bcd/ing and blooming follow in regular iuc- 
ceHion, and plates or bars are produced exa6lly as It fore. 

According to the fccond mode of treatment, in wliich 
blooming is omitted, the mafles obtained from the htdling fur- 
nace arc reduced under the hammer into the form of folid, 
cubical blocks ; and wlien their temperature is too much 
lowered to be capable of any farther working, they are again 
heated in a iire called a chnferyt which is urged by a power- 
ful pair of bellows, and fcarcely differs from a common 
fmith’s forge, except in being larger, and the cokes upon 
it being heaped. u]p to the unufual height of at leaft two feet. 
In tills filualion tiK'y are raifed to the point of welding, and 
afterwards hammered out into ingots of a flattened fhape. 
Iron bars are united to them very fhortly after they are 
brought fmm tlie lolling furnace, to afford a greater facility 
of nianagemer.t, in the fame manner as was defenbed in the 
making of ILoms ; and thefe, as before, are detached, when 
the ingot is fulliciently formed. The iron produced in this 
way is not conlidercd fo good as that afforded by either of 
the other proceffes, and is employed, for the moll pait, in 
the commoner fcrvices of art. Repeated rolling, or ham- 
mering, is the only moans of imparting the i‘i!)rous texture 
fo neceffary to good bar iron ; and as this treatment is Icfs 
frequent in the prefent mode of operating, the ckikiency of 
value in the material obtained may very probably be referable 
almoft cxclulively to tliib circumflauce. 

The above include the wliole of the important variations 
that are prefented in the manufiiCture of bar iron. Other 
ikadcs of djfagreemcnt may be traced in different works j 
but they are of a nature too trifling and unimportant to merit 
any particular enumeration. The art is ftill in its infancy ; 
and the light of chemical fcience, by being brought to a 
focus here, cannot fail to difclofe many improveinenti in the 
prefent inodes of procedure, which will greatly abridge the 
expence now incident to this valuable branch of national 
indullry. That the mere abflra^iion of about 4 p.r cent* of 
carbon fliould require a facrilicc, in effeding it, of above 
40 per cent, of iron, appears monftrous beyond example: 
and as thofe who are connected with the art become more 
feientifle in their views, we fhall unqueftionably find that it 
will be much more economically accomplifhed. 

When iron has been completely freed from carbon, and 
has acquired its bighefi degree of malleability by repeated 
hammerings, it is by far the moll tenacious of all Uie metals, 
and is capable of being drawn into the fined wire# 

The tenacitv of iron, as well as of all the red of the 
malleable metalsi varies confiderably according to its foft- 
nefs. After iron baa been kept in a red heat for fome time, 
and fuflPered gradually to cool, it becomes remarkably 
changed in point of foftnefs. By being hammered, drawn 
into wire, or rolled, it incrcafes in hardtiefs to a certain ex- 
tent i but| at the fame time, partly lofes its malleability. 


By this mechanical treatment, when cold, its ftrength or 
tenacity increafes ; and it may be taken at one point, when 
it will require a greater weight to break it, than if it 
w'cre hammered either more or left. 

All t!ie experiments yet publifheJ relative to the tenacity 
of iron, and tlic other metals, are on this account very de- 
fective. The writer of this article has feen an iron wire, 
when newly annealed, break with a weight of 50 pounds; 
bur, after being drawn through two holes of a wire plate, 
bear above twice that weight, without fudaining injury. 
Iron, when properly annealed, will bear more bending 
backwards and forwards before it breaks, than in any other 
ftate : but the ftrength, or that power whicli refifts a weight, 
exerted longitudinally to break it, is jointly as the lad pro- 
perty and its hardneis. Hence the reafon why its ftrength 
is increafed with a certain degree of hammering. The Ipe- 
cific gravity of malleable iron, according to Briflbn, ia 
7.788 ; tliat of pig iron being 7.207. Iron, in a ftate of 
purity, requires fo great a heat for its fulion, that the bed 
crucibles are nearly ready to melt with it. It has, however, 
been fufed, and call into an ingot. It is faid to liquify at 
of Wedge wood. Its malleability is greatly increafed 
by heat ; and by raifing it to a very high temperature, it be- 
comes exceedingly foft, and may be brought fo near to ab- 
folutc contact with another piece fimilarly heated, that they 
unite firmly together. This procefa is called nvelding. Its 
great affinity for oxygen, wlien heated to a welding point, 
would very Ibon reduce it to an ox yd, if it were not for the 
vitreous matter fuling upon its furface ; and it may be Hill 
more completely defended, by dipping it in powdered g'afs 
or land. See Dfeription of Plates at the end of the ar- 
liele. 

2. This fubftance, which is a compound of iron 

and carbon, but in lefs proportion than that of pig iron, is 
of fuch diltinguiftied importance in moft of the arts, that bo 
other fubftance could be fubftituted, capable of fupplying 
Its united properties of hardnefs, tenacity, and elafticity. 
After the pig iron is totally deprived of carbon, and be- 
comes malleable, the metal can be re-impregnated with that 
fubftance to a certain extent, witliout loling much of iu 
malleable property. 

It is curious to remark, that although we have made iron 
of exccllimt quality in this country, for all the nicepurpofes 
to which it 18 capable of being applied, yet, in attempting 
to convert it into fteel, we have always failed ; the ftc 3 
being red-lhort, and other wife bad. It, of late, however, 
has been fo great a defideratum to obtain fteel from Britifti 
ore, in confeqncnce of our want of communication with 
Sweden and Ruffia, that feveral efforts have been lately 
made to bring about this dcfirablc obje£l, and not altogether 
without fuccefs. We may yet entertain a hope, therefore, 
that the time mil arrive, when we fhall not be dependent on 
other countries for this ufeful commodity. 

The only fteel at prefent, on which perfeft reliance can 
be placed, is made from fome of the beft marks of Swedifti 
iron. The bars are ftamped with certain letters or charac- 
ters, well known to the ftecl-makers; and fome of them 
have preferved their chara£ler for making good fteel during 
a long ferics of years. 

The fize of the bars varies from 3 inches broad and ^ inch 
thick, to about 2 btoad by ^ thick. 

Nothing more is neceffary to impregnate the bars of iron 
with carbon, by which they become fteel, than to ftratify 
them with powered charcoal iu a clofe veffel, called a ce- 
menting pot ; expofing the fame to a degree of heat at little 
ftiort 0? what would fufe the fteel as powble. 
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The furnace in which the procefs of cementing bar iron is 
performed is called a converting furnace. 

The pots arc made of a peculiar ftone called fire-ftonc, 
from itc joint property of not being liable to crack by the 
heat, aud its little difpofition to enter into fiiHon. It is a 
fine pjrit, and occurs abundantly in the neighbourhood of 
Sheffield. The interior of thefe pots is in dimenfions from 
12 to 15* feet long, and from 2 feet to 30 inches fquare. 
Every furnace contains two of them ; and they generally 
liold about 5 tons of iron each. The metal is dratilied with 
the charcoal duft, in fuel* a way that each bar may be com- 
pletely covered; and the laft ftratum, which Ihoiild be 
thicker than the reft, is kept clofe with a mixture of clay 
and fancl, fo as to prevent the charcoal beneath it from en- 
tering into conibuftion with the outer air. 

The fire is then gradually applied, and the exterior fur- 
facc of the pots conftantly enveloped with flame, till the 
whole mafs has become of the heat required. This heat is 
kept up for a confiderable time, fo that from the commence- 
ment of firing to the maximum is about feven days. The 
fame fpace is afterwards required to allow the nuifi; to cool. 
This rule, however, is not fufficient to tell when the ce- 
mentation is perfect. A hole is generally left in the front 
of the furnace, paffing through the wall to the interior of 
the pot. One or tw^o bars are laid with their ends pro- 
je6ling into tlie opening, which is loofely fired with pow- 
dered charcoal. When the procefs is luppofed to have 
gone on long enough, one of tlicfc bars is drawn out and 
examined. 

All bar iron niiift, owing to the manner in which it is 
made from the pig, contain a fmall portion of oxyd of iron, 
ns well as fomc remnins of iron not completely deprived of 
.its carbon. The loi?g continued Jicat which this procefs re- 
quires, cannot fail to caufe an union bctw’een the oxygen 
and carbon, accidentally cxifting in the bars; and we may 
expert, in confcquence, that an claltlc -fluid will be formed, 
w’hicli mull be either carbonic acid or the carbonic oxyd ; 
but fince the oxyd is in the ftatc of finery cinder, we fhould 
rather conceive it to be the latter ; and w c believe experience 
warrants the conclulion. 

This c^aftic fluid, when the metal is fo near the fufing 
point, caiifes the fin face of tlic bars to be covered with 
hlifters, wdiich are a furc fign that the cementation is coin- 
})lete : and it is from the number and fizc of thefe blifiers, 
that the w'orkmcn know when to ceafe adding fuel to the 
furnace. 

Steel is made of different degrees of hardnefs, by giving 
it more or lefs carbon ; and this is efl'cdtcd by keeping up 
the, heat a longer time, ftill having regard to the quantity 
;tnd fize of the blilters. 

The fteel ufed for coach-fprings contains the fmalleft 
quantity of carbon; a fomcvxliHt greater proportion is re- 
quired for table knives, forks, carpenters’ tools, and agri- 
cultural implements ; and the largeft dofe of all is wanted 
tor files, which can fcarccly be too hard, if the ilcel be 
fufficiently malleable to w'ork. 

Steel, in theftate it comes from tlie cementing furnace, is 
called biyiired from the appearance w'c have juft dc- 
fertbed. It is not ufed but for common piirpofcs, although 
formerly we had no other kind. The bars of iron being 
formed under the forge hammer, and produced in a country 
not remarkable for the excellence of its machinery, the 
4iittal is found to abound with numerous feams and ffieils, 
ivhich good workmanfhip might in a great meafure avoid. 

This evil is, .however, , very happily remedied, by making 


the bliftcied-ftcel into what is called Jhear-Jleel, and cap* 

Pel 

Shear-ftcel has derived its name from the advantage with 
which it has been applied in the manufafture of Ihccp-ffiears, 
Its admirable property of welding to iron, without the other 
qualities it poflefles being injured, renders it of great importance 
in all cafes w here the body of the edge-tool is coiillrudlcd of 
iron, and the edge merely fteel. 

Frcm having been firllmade at Newxafile-upon-Tyin*, it 
has alfo been called NenvcaJllepeL TIic apparatus uled for 
its mannfadlurc tonfills of a pair of bcllow^s, or other blow- 
ing machine, and a fire place fimilar to that of a fmith's 
hearth, hut upon a larger fcalc. The hauimer for drawing 
the bars is larger than a tilting hammer, but fmallcr than tlie 
one employed at an iron forge. 

In order to make fliear-ftecl, a number of bars of the beft 
bliltered-ftecl are laid together, and temporally faftened. In 
this ftate they arc introduced into the fire, and heated to a 
W’clding temperature ; after which they are firmly united by- 
means of tlie hammer, and drawn. At a fecond heat thele 
maft'ea are beaten down into bars about inch broad 
and -Jths of an inch thick. By this procefs the loofe parts 
and feams of the bars arc clofed together, and the fteel is 
rendered fufccptiblc of a polifti, of whicli before it w^as not 
tnpable. But thefe are not the only advantages. The ad- 
ditional hammering fo far improves its malleability, that the 
tenacity it enjoys is much greater, while its hardiiefs is very 
little lefs. 

This fteel is particiilar’y adapted for fprings of every de- 
feription, and for all edge-tools requiring great tenacity ra- 
ther tiian l.ardnefs. 

Caft-ftecl is entirely free from the mechanical dcfe6ls wdiich 
belong to bliftered-fteel, and even, in fome degree, to fhear- 
fteel ; fince it confifts of the latter variety completely fufed, 
and caft into ingots. 

The furnaces employed for this purpofe ftiould poflefs all 
the advantages w-liicli can be given to air-furnaces, on account 
of the great heat rcqnifite for the procefs. (Sec Fuunace.) 
The crucibles, in which the lied ivS melted, are made of 
Stourbridge clay, mixed wnlh a fmall quantity of powdered 
coke, which makes them lels liable to crack in the heating 
or cooling ; and, at the fame time, gives to them a confider- 
able degree of ftifihefs in the fire, wjicn raifed to the very 
great heat required. 'I'hefe crucibles are furnifticd with 
covers, wdiich are of rather more fulible clay than the body 
of the veflel, and, on that account, are foon partially vitri- 
fied ; by which means they beco.me clofely luted at the tune 
the lied is at a temperature fulTicienlly high to be dellroycd 
by the oxygen of the atmofphere. 

The fuel employed for melting llcch confifts of the harJeft 
cokes, and in all cafes w lierc loiig continued and higli tem- 
peratures are neceffary, cokes of this dclcriplion ftiould al- 
ways be employed. Two advantages attend the ule of them ; 
for although the foft cokes produce a very great heal during 
a ftiort fpace, yet the length of lime required for melting 
fteel would oblige the workman to charge the furnace too 
often ; fo that he would ultimately get a greater heat by[thc 
permanence of the hard coke ; and the Ipecilic gravity of 
the latter is fo much greater than the foft, that the fuel is 
more condenfed, and heiue, allowing for the difTercncc of 
cohefion, wdll give more concentrated heat, if the fupply of 
air be fufficient. 

The crucibles are of a fizc fufficient to hold about 3olbs. 
of lied ; and, in general, each wull bear charging three 
times, or even four : fome would remain found Hill longe? 
than that, if the fires were continued; but they arc fcldom 
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kept Fn more than twelve hours in the day, and this will not 
allow of more than three heats. For the bell pofliblc call- 
ftcel, the bars of the bed bliftered-fteel are broken into fmall 
pieces, it being, on coming from the cementing furnace, fuf- 
ficiently brittle for this purpofe. An inferior kind of call, 
fteel is made from the feraps, wliich conftft of the wade of 
the maniifa^lories. The heat required to melt fteel is very 
great ; and inverfely as the quantity of carbon combined 
with it. Before call -fteel making was brouglit to great 
perfefliion, the quantity of carbon given to it was greater, 
in order to effcdl its more eafy fnfion. The crucibles and 
fiirnr.ces, however, are now fo murli improved, that the 
fteel can be melted with much lefs carbon, and it is, in con- 
fcquence, fo to life a technical jilirafe, as to weld with 
iron, and even to be capable of uniring two pieces of it to- 
gether. 

After the fteel has become fuiricicntly fluid, it is poured 
into eafl-iron moulds, which form it into ingots of an odda- 
gonal lliape j and are about 30 inches long, each weighing 
about 3olbs. Formerly, the great fecret of making call- 
lle'el v/as faid to conlift in uling fomc peculiar flux. No fub- 
ftance, however, from what has been obferved, can increafe 
the fufjbility of the fteel, but an additional dofe of carbon, 
which is improper after a certain quainity has been united 
with it. only fubftance, therefore, which can be em- 

ployed to any advantage, mnft bo fomc fufiblc vitreous 
matter, capable of floating upon the furfacc of the metal, 
and defending it from the conta£l of air. 

The flux at prefent ufed, and the moll proper for this pur- 
pofe. is the blaft-furnace cinder. But pounded glafs, or 
any vitreous fubftance which fufes a little before the metal 
melts, will anfwer equally well. 

The ingots of caft-llcel, as well as the bars of blifterccl- 
ftcel, and fticar-fteel, are drawn into rods ready for forging 
into various articles, by a piece of machinery called a //7/, or 
ttlthig-vulh (See TlLTINC-^rJI.L.) By this hammer, the 
caft-Ilcol can be drawn down to the li'/e of ^ inch fqiiare. But 
in reducing fmallor than that, it would be liable to he injured 
in its fabric. It is drawn into rods of finaller fizc by nand, 
for the purpolc of making gravers, and watclvmakers* 
tools : and for ftill more delicate articles, it is manufac- 
tured into wire. The bliftered-ncel will not bear drawing to 
a fmall fize, on account of the loofenefs of its texture^ 

Steel is of a mean fpecific gravity between wTougkt and 
pig-iron ; and, like the former, it increafes its property in 
this refpcA by hammering. Like iron, too, it Worncs 
fofter on being annealed, but never bec^nnes fo foft as that 
metal. When of good quality, and at a certain degree of 
hardnefs, it is ftronger than iron ; that is, when ftretched 
longitudinally by a weight ; but, by fiiddcn bending or twift- 
ing, it is more liable to break ftiort. In working it with the 
hammer, it will not bear fo great a heat as iron ; ftnee the 
temperature iron and its combinations fuftain without melt 
ing, is inverfely as their dofe of carbon. 

This property of bearing heat, is, however, in a dill left 
ratio in call -fteel. This is owing to its having entirely loft 
it# fibrous form in the melting. Hence there is lefs danger 
in heating it after it has been hammered. 

In welding fteel to iron, or fteel to fteel, the fire ouglit to 
be very free from fulphur, or other extraneous matter ; and 
the heated parts of the rods fhould be frequently fupplied 
with either land, or fand mixed with the fcalcs which come from 
the hammered iron. This fufes upon the furface and keeps 
off the air. See Forge. 

The moft fingular property which belongs to fteel, is that 
of its hardening by being heated red-hot, and cooling ra- 
pidly. This change is greater the hotter the fteel, and the 
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colder the fluid into which it is plunged. ( See Cutt.but.) 
Water, in general, is employed for this purpofe ; and fprlng- 
watcr is better than any other. If the water aboun d with 
animal or vegetable matter, the hot fteel cools more flowly. 
Hiis is occafloncd by a film of the matter in folution form- 
ing and remaining upon the furface, and, being a bad con- 
du6lor of heat, prevents the fteel from cooling. Filc- 
makers fay, that the fait which is inevitable in their harden- 
ing water, makes the fteel harder, and they foinetimes put 
fulphuric acid into it for the fame purpofe. 

In hardening fteel in thin plates, fudi as faws, parti- 
cularly w hen of call- fteel, quenching in water would caufe 
tliein to crack, and make them fo hard as not to be ufeful. 
They have, in confeqiience, recourfe to fome fubftance which 
is not fo good a conduAor of heat. Oil, with tallow, bees^ 
w»ax, and rcfin diflblved in it, is generally employed for thefe 
articles, ( See the article Saw. ) If the fteel be heated red- 
hot, it moftly returns to its original ft ate. This, however, 
is fometiincs not the cafe with tliin plates of call -fteel. In 
giving various degrees of heat from the hard ftatc, it be- 
comes more foft and lefs elailic. See Cuti.kuy. 

'rhis curious and valuable projierty wihch it pofTefles rnightf 
at firft view', appear to be caufed by an increafe of denfity ; 
but the fj)cciric gravity of hardened fteel is lefs than before 
it is hardened. It has been faid to depend upon a certain 
cry ftalline arrangement of its particles ; but this is a mere apo- 
logy for ignorance. The moft plaufible theory we have heard 
of is mentioned in one of Dr. Darwin's notes to his ** Botanic 
Garden,’* and was the idea of a very ingenious friend of that 
celebrated author. This theory was equally applied to the 
fingular property poflefled by the glafs toys known by the 
name of Prince Rupert's Drops* It is as follows. When 
the lieated fteel or glafs is plunged into water, the exterior 
ftratum becomes fo hard and folid, as not to be capable of 
flirinking ; and every fuccccding layer is to a certain degree 
placed in tlie fame fituation. When caloric leaves a body 
ilowly, it contra(!ils in its dimenfions, until itaflumes fome- 
thing near its original volume. But if any force prevent 
the parts from approximating, the molecules will attradl each 
other w'ith a pow'cr equal to the repellent energy of the calo- 
ric that caufed the expanfion. So foon, how'ever, as the 
outer ftratum is broken, the whole of the otliers are dellroy- 
ed in fuccellion. This is moft glaringly the cafe with the 
glafs drops befoix? fpoken of, and, to u certain extent, w ith 
unanneakd glafs, and hardened fteel. 

With refped to the latter, however, it is confined to large 
mafles, and particularly of cafl-flcel. The rollers employ- 
ed by jewTllers and others are of call-fteel, and are very 
liable to break in the hardening, although about half tlie 
mafs in the middle is pure iron. They do not always crack 
at the time, but at different periods afterwards, and fre- 
quently, when no violence is applied to them, folne have 
been known to fly fix months after being finiflied. Some- 
times they break with great report, and what llrenglhens the 
above opinion as to the caufe is, that the figure of the roller 
is frequently changed from a round to an elliptical fliape. 
For farther particidars, fee Steel. 

§ 5. Chemical Properties* 

When a piece of poliflied iron is expofed to the air, 
it foon lofes its luftre; and if the atmoiphere be humid, 
it becomes covered wdth red fpots called rs^* When 
it is expofed at 400 degrees of Fahrenheit, it changes 
to a yellow colour. The temperature being increaled, 
the colour gradually turns to a brown, and at the heat 
of about (600^ it becomes of a beautiful blue tint. This 
change of colour arifes from the combination of oxygen ; 
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the quantity increafmg with the temperature* If the 
furface be defended by a coating of chalk and a folution 
of glue, no change of colour takes place when the heat is 
applied. In the art of blueing ileel, advantage is taken of 
this method to make the blue ornamental. 

In a higher temj •mature the furface becomes covered with 
a fcaly cruil, which is compofed of oxygen and iron ; and in 
the heat of a fmilh’s forge, it combines with oxygen fo 
rapidly as to burn, throwing off fparks in bright corrufea- 
tions. If fmall iron wire be expofed in pure oxygen gas, 
the end being ignited with a bit of greafed cotton, the metal 
enters into brilliant combuftion, and a globule of melted 
matter is formed at the end of it. The iron fo burnt lofcs 
all its metallic properties, by combining with the oxygen ; 
and during this change the phenomena of hurning take place. 
The globule is fo brittle as to be capable of being reduced 
to powder, and is called the black or vitreous oxyd of iron. 

Iron has fo great an attra£^ion for oxygen, that it dccom- 
pofes water even in the cold. When filings of that metal 
are mixed with water in a vefTel conne^Ied with a pneumatic 
apparatus, an elaflic fluid is evolved, which is found to be 
Jiydrogen. The iron lofes its metallic lull re, and ultimately 
is converted into the black oxyd before fpoken of. 

If this mixture be in a retort, and the boiling heat ap- 
plied, the iron combines with the oxygen of the water with 
much greater rapidity ; and, of courfe, a much greater 
quantity of hydrogen is eliminated. This method has been 
employed to obtain the black oxyd of iron, which was 
formerly called Martial Eihiops. Iron decompofes water with 
very great rapidity, when the fulphuric or muriatic acid is 
prefent. The acid takes up the oxyd as it is formed by 
the agency of the water, and a new furface is conllantly 
jerefented. A large quantity of hydrogen is in this procefs 
clifengaged, and it is by the prefent method that this gas is 
procured for filling acrollatic machines, and for other pur- 
pofes. If the oxyd which is taken up by the acid be pre- 
cipitated by an alkali, and dried inflantly, it will exhibit a 
limilar appearance to that obtained by the a£iion of water 
alone. When firft feparated it has a gre^n appearance, which 
it owes to the prcfcnce of water ; and this being difiipatcd 
by heat, it is left of a dark-gr(^ colour. 'Phis oxyd, formed 
by either of the above procelfes, is called the prot-oxyd of 
iron, becaufe it is combined with the firjl or fmalleft dofe of 
oxygen. According to Proull and Lavoifier, it confifts of 
73 of iron, and 27 of oxygen. 

If the prot-oxyd of iron be expofed to the air in a red 
heat for a length of time, it alTumes a red colour, and con- 
llitutes the fubllance known in the arts by the names crocus 
and colcothar. This change of colour is found to have been 
caufed by its combining with an additional dofe of oxygen, 
and the produft is denominated the peroxyd, conli fling, ac- 
cording to Prouft, of ja iron, and 48 oxygen. From the 
bell chemical authorities, it appears that iron unites with 
oxygen only in two fixed proportions, conllituting tlic prot- 
oxyd and the peroxyd ; although it has been held by fomc 
that there are more varieties. 

If a bar of iron be heated red-hot, and a Hick of fulphur 
applied to it, a fluid fubflance will drop from its end, which 
ii found to be compounded of fulphur and iron, and in che- 
miilry is called fulphuret of iron. The fufion of fulphur and 
iron-^ings, in a crucible, gives a fimilar product. The at- 
ti*a£lion between thefe fubitances is fo great, tliat their union 
in nature is very common. 

Iron-filings, mixed with fulphur, and made into a pafte 
with water, in a certain time become very hot and even pro- 
duce flame. The mixture is fometimes buried underground 
to produce an artificial volcano. This phenomenon, how- 
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ever, does not depend upoh the immediate combination of 
the fulphur with the iron. The water, which is a confidcr- 
able agent, is dccompofedj the oxygen uniting with the 
iron to form an oxyd of iron, and with th^ fulphur to form 
the fulphuric acid, while the hydrogen combines with an- 
other portion of the fulphur producing fulphiiretted hydro- 
gen, which occafions the flame in the e.vperiment. 

When iron-filings are heated with fulphur, even where 
oxygen is not prelent, at a litlk- fhort of the temperature of 
redneis, they combine and produce flame. We are indebted 
to the allbciated Dutch chemiils for this fadl, as well as a 
fimilar experiment with fulphur and copper. 

The artificial compound of fulphur and iron, from the 
experiments of Prouft, is compofed of 62.5 fulphur 

37. j iron 
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The native fulphuret is found to contain a greater pro- 
portion of fulphur. When heated in a dofe veffel, fome of 
the fulphur fiiblimes, and may be collcdled in a proper ap* 
paratus. Dy this treatment, it is reduced to the flatc of 
common fulphuret, and lofcs 20 per cent, of its weight. It 
is hence compofed of 50.6 fulphur 
49.4 iron 
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According to fome experiments made by Mr. Hatchett, 
however, thefe proportions arc not regular in fpcciniena 
where the cryftalline form varies. This ingenioiis chemill 
has found a native fpecics agreeing in tlie proportion of its 
conftituents with the artificial fulphuret. It is what has 
been called magnetic pyrites ; and is by this tell of the mag- 
net diftinguifhed from the common pyrites, which does not 
pofll-fs that property. It has alfo another peculiar charac- 
ter- If dilute fulphuric or muriatic acid be poured upon 
it, a rapid a6lion takes place, and fulphiiretted hydrogen is 
evolved. This is not the cafe with tlie fupcr-fulphurct till 
it has been expofed to heat, w'hcn it lofes its excefs of ful- 
phiir. The common fulphuret of iron has been employed to 
make artificial magnets. Mr. Hatchett found that not only 
the fulphurets, phofphurcts, and carburets, were feparatcly 
magnetic ; but fufpc^ls tliat certain proportions of all thete 
may conftitute a maximum of magnetic virtue. 

It is highly probable, that the iron is the only fubftance 
poflcfiing magnetifm ; and that the facility with which thefe 
compound fubitances become magnetic, may arife from the 
greater eafe with which the partides of iron aflame the pecu- 
liar arrangement on which this curious property depends. 
That fome arrangement, though perhaps equally myfterious 
with cryftallization, may be the caufe of magnetifm, there is 
much reafon to believe. By mixing iron-filings with melted 
refin, and inclofing them in a brafa tube, if a magnet be 
brought near to the tube, while the mals is ftill liquid, the 
whole, when cold, will become a magnet. During the touch- 
ing of a piece of fteel to make it magnetic, there is little 
doubt but that a new and peculiar dilpofition takes place 
amongfl the particles, notwithftanding the folid (late of the 
metal. The particles of bodies appear to be free to motion 
in the folid form. We find that iron combines with carbon, 
while both bodies are in that (late ; and what is ftill more 
curious, the compound afltimes a different cryftalline ftnic- 
ture, according to the proportions of the two bodies. Oxy- 
gen appears, in fome inftances, to alter the internal arrange- 
ment of folid bodies. If brafs, for example, vicre to 
kept in a damp room, but more particularly where the fun*^ 
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©f acids are prefent* the metal, although previoufly very tena- 
cious and dud^ile, becomes fo brittle, as not to bear bending 
to a right angle ; at the fame time that the broken furfaces 
exhibit a cryHalline fraAure, That fpecics of form, there- 
fore, under which magnetifm exills, may be brought about 
by various means. All iron inOrumenta, kept in one pofilion 
for a length of time, become magnetic ; efpecially if that 
pofilion coincide with the magnetic meridian. We regret 
that fo little is known on this intercftiiig fubjedt ; and for 
farther particulars refer to the article Magnetism. 

Iron combines with fevcral of the metals forming alloys, 
none of which have very ftriking or ufeful properties The 
alloy of iron and gold has been examined by Mr. Hatchett, 
who found that 1 1 parts of gold to i of iron formed a malle- 
able alloy, remarkably du£lilc, fo as to roll into plates, and 
be capable of being (tamped into coin. The colour was of 
a pale yellowi(li-grey, and it was of the fpccific gravity of 
1 6.88c'. The moil fingnlar property of this alloy is its 
increaic of volume by combination. Ik-fore the union, the 
bulk was 2799 ; and afterwards, 2843. The very contrary 
is the cafe with moll of the other alloys of metals, and agree- 
ably to Ber^iollet’s dodlrinc of affinity, we find that the 
mean fpccific gravity of bodies by experiment, is greater 
than like arithmetical mean, direftly as the affinity of the 
bodies. Wc (hould, therefore, in this in fiance conclude, 
that either the affinity of the metals is trifling, or that the 
above law is not general. 

The alloy of pure iron with platina has not been effefted 
from the great infiifibility of the two metak. Dr. Lewis 
alloyed call iron with platina, as well as Heel. The fpecific 
gravity of this alloy, contrary to the lafi, was greater than 
the arithmetical mean. It was very hard and tenacious, 
ponVlfing fome degree of duftility. 

After being kept ten years, it was little tarnifhed. 
Iron is cafily alloyed with filver. In equal parts they 
form a compound of couliderable duAility, of the colour 
of the latter metal, but much harder ; and is attra^ed by 
the magnet. The metals feparate, in fome degree» when 
kept in fufion ; but, according to the experiment! of Mor- 
veau, not completely; the iilver retaining fome of the iron, 
and the iron fome of the filvcr, by which its quality, as a 
metal, is much improved. Iron is not eafily combined 
with copper in large quantity. We find, however, that 
thefe metals are capable of uniting, and the alloy is, in fome 
degree, magnetic. Indeed, in forming certain inlb’umcuts 
of brafs, where the magnetic needle is employed, they arc 
frequently defe£live from this circuinilance, Fo free cop- 
per entirely from iron, it (hould be rediflblved in an acid. 
The oxyd, after precipitation, fliould be dilTolved in aqua 
ammonia, and the alkali then dlfiillcd from it. This being 
afterwards treated in a clofo vefibl witli iome inflammable 
matter, the metal will be obtained pure. The alloyr of tin 
and iron, and that of iron with zinc, may be formed by 
mixing vlean iron-filings, or turnings, with thole metals 
while in a (late of fufion. Tiwfe eompoujui*^ are not of 
any ufe. Iron may be foldtred with fevcral of the metals 
Copper, gold, and filvcr, unite to it with great facility ; but 
require the prcfcnce of borax tf) keep oft the air. 

The mod permanent fid< 4 er tor iron is the carburet of 
the fame metul, called N i,- pig-iron. The pig-iron lofcs 
fome of its brittlenefs, and the malleable metal becomes 
much harder. It does not appear improbable that (Icel 
might be formed by uniting thefe two fubdanccs together 
in certain proportions. 

We have next to treat of the falts of iron, or its combi- 
nations with acids. 
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Sulphai of /ren.— Sulphuric acid docs not ccn>biue wul* 
iron in its metallic form ; in conformity with the general 1m w 
that no acid unites with a metal till the latter is pi-evioufly 
oxydated. Iron is but (lightly adled upon by this acid in 
the cold ; but with a degree of heat far (hort of boiling, 
the iron takes from it a portion of <>X}gen, converting i\ 
into the fulphurous acid, which efcapes in the form of gii'i. 
The iron, thus oxydized, combines witli another portion, 
and forms the fiilphat of iron. 

When water is added to the iron and the acid, a inuv.Ii 
more rapid aftion takes place. The niet.il fei/ts the oxygvii 
of the water ; hydrogen is evolved ; and the acid unilts with 
the oxyd forming the fall in quefiion. Wlie*i the product 
obtained by this means is rnoiv tl.an the water ciiii diflolvc, 
it aiTumes the form of green cry Hals, which, wlien fcjiaratt^, 
arc the fame with tlioie known in cunirncrce and the arts 
by the names o£ green vifriJ and coffmu. 

In the adlion of iron upon the coiutmt rated fuljduiric 
acid, it appears anomalous, tliat tlu* niclal (hould not be 
oxydized with more facility by this acid, when water is lb 
rapidly dccompofed, the elements of which have fo (Irong 
an attraction for each other. It may appear equally flrange 
that the water is not decompofed when the acid is not pre- 
fent. When it is recolleded, however, that the oxyd of 
iron is not fuluble in water, nor fulphat of iron un the acid, 
it will appear very clear that the two fubftances arc borli 
effential to the effett ; tke acid promoting the decompoli- 
tion of the water by taking away the oxyd, and the water 
taking up the fait, which would be equally obfinnil to 
the procefs. 

This fait is not commonly obtained by the above procefs. 
The fulphuret of iron, above deferibed, already confifis of 
two of its elements, namely, fulphur and iron ; the oxygen 
and water of cryfiallization being alone wanting to com- 
plete the fait under inquiry. For this purpofe, the naturdl 
combination of it, or pyrites, is firil roafted, and then expofed 
in large heaps under (lieds. Thefe heaps are frequently 
moiftened with water, by which, together with the prefence 
of the air, the iron and the fulphur become oxygenated, 
and cry Hals of the fulphat begin to form. 'Fhc water, 
which is thrown on from time to time, diflblves the fait, 
and runs into large refervoirs, wdiich are aifo under (beds, 
to prevent the ram falling into them. This folution, how- 
ever, does not contain the fait in a fit (late for cryfiallizii-ion, 
being too highly charged w'ith oxygen. The liquor is irane- 
ferred into large boilers, and pieces of old inni put into it, 
which, by taking up the excels of oxygen, change the .elu- 
tion from a red to a green colour. When the evapornti ut 
lias gone on to a certain point, the fait cryfiallizes, and ne 
green cryfials being feparated, are fit for (ale. 

Who'll tlie cryfials are obtained from a c ear folution, a. id 
are well defined, exhibiting tranfparent rhomboidal priiui ,, 
the fpccific gravity of which is 1,8, iho fak may be 
deemed in a ftate of purity. It dilfolves in ^'ths its w'eight of 
boiling water, and twice its weight of water at 60 . When 
kept dry, it is not liable to chaiiiiC in the air ; but if rnuii- 
tciied it becomes covered with red fpots by the abforpiion 
of oxygen, and if it be diflblved in water, it rdurrifc to iKe 
(late in which it exifted before boiling with the metallic 
iron. Wiicn the cryfials are heated, the fait at firfi fun s, 
then afTumes the form of white powder, by loling i^s water 
of cryftalli'/ation. At a red heat the acid begins to fly oft’; 
and ultimately a fine red oxyd is left behind. It is lu tins 
way the crocus of commerce is prepared. 

According to the analyfis ot Bergmaiin, this fall is com- 
pofed of 
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Acid - 39 

Protoxyd of iron 23 

Water - 38 

ICO 

According to Kirwan ; 

Acid 26 

Oxyd • 28 

Water . 46 
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It is decompofed by the alkalies and alkaline earths ; 
and by all the falts forming infoluble compounds with ful- 
phuric acid. 

Oxy-fulphcit of Iron . — This fait confifts of the fulphuric 
acid united to the peroxyd of iron. Its folution in water is 
of a deep reddi(h-brown colour. It is infufceptiblc of cryf- 
taflization. Hence, the green cryftals feparated in making 
copperas are pcrfedly diHinft in their nature from the fait 
which is left in the remaining liquid. When the fulphat 
is expofed in a ftate of folution for a length of time, it 
alfumes a red colour, and is converted into this fait ; fo that 
W’e never find the common fulphat in mineral waters, but the 
oxy-fulphat. This change may be more fpeedily brought 
about by heating it with nitric acid. A quantity of nitrous 
gas is evolved, and, according to Mr. Davy, ammonia alfo ; 
the former from the decompolition of the acid, the latter 
from the decoinpofition of both the acid and the water. 
The fluid gradually affumes a deep brown colour. It has a 
flrong aftriageut talle, much rcfembling the juice of floes. 
When this .'sit is formed without the addition of w'ater, it is 
exceedingly heavy, and concentrated, and of a deep brown 
tint, approaching to blacknefs. If concentrated iiilphuric 
acid be poured into it fuddenly, it Iqfcs its brown colour, 
and becomes of a clear white, having the confidence of thick 
cream. It is fo foluble in water, that when evaporated 
flowly, iiiftead of cryllallizing, it affumes the form of fyriip. 
If too much heat be applied, however, the oxyd eitlier pre- 
cipitates, or it affumes the form of a fub-falt, and becomes 
infoluble. 

Since the oxy-fulphat differs from the fulphat in the pro- 
portion of oxygen only, feveral fubftances reconvert it into 
that fait, by abftradling the excefs of oxygen. If it be 
kept, for inftance, for Tome time in a clofe-iiopped bottle 
with iron-filings, the metal becomes oxydized, and the 
whole is changed to the fimple fulphat. 

Gay-Luffac has lately (hewn that the quantity of acid in 
any metallic fait is in proportion to the quantity of oxygen 
in the metal. (Memoires d’Arcueil, t. ii p. 15:9.) Hence 
no additional acid is required in converting this fait into the 
fulphat. 

Tin, and feveral other metals, produce the fame effedl. 
The excefs of oxygen may inllaiuly be taken away by paff- 
ingfulphurettedhydrogengas through the oxy-fulphat. This 
gas reduces the oxyd exa^ly to a minimum of oxydation, to 
the ftate of protoxyd ; and hence the reafon why this gas 
does not precipitate iron from its folutiuns. 

The oxy-fulphat may be eafily feparated from the fulphat ; 
the former being foluble in alcohol, w'hich the latter is not. 

From the method required to form this oxy-falt, it will 
appear that there are feveral fubftances which may be em- 
ployed to give their oxygen to the fulphat of iron. Of thefe 
dTQ the nitric and oxy-muriatic acids. And by pouring a 
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folution of gold into a folution of this fulpliat, the oxy- 
fulphat is produced, and the gold becomes metallic. 

Dr. Thoinfon enumerates feveral infi/e falts, formed by 
the fulphuric acid with iron and other metals. 

1. iSulphat of iron and copper. 

2. Sulphat of iron and zinc. 

3. Sulphat of iron and nickel. 

The former of thefe fometimes exifts in the blue vitriol of 
commerce, which is a very great evil to colour-makers. 
I'lie iron precipitates with the copper, and deftroys the 
beauty of the latter. In order to afccnain whether iron be 
prefent in blue vitriol, diffolve a fmall quantity in a winc-glafs, 
and add aqua ammonia till it fmells ftrong of the latter. 
The oxyd of copper will be diflblved, and the oxyd of iron 
left at the hottotrr. By ftanding for fomc time, the pre- 
cipitate becomes yrllow and VL*ry confpiciiom. It is even 
faid that fome of thefe falts Iiave triple bafes. The two 
hitherto obferved are as follows : 

1, Sulphat of iron, zinc, and nickel. 

2. Sulphat of iron, copper, and nickel. 

Sulphite of //-o/i. — Berthollct has given us an account of a 
compound of iron with the fulphuroiis acid. When iron is 
expofed to the a£lion of this acid, it becomes fpccdily oxy- 
dized ; but what is fingular, not at the expence of the 
water, as is the cafe with the fulphuric acid ; but it appears 
that the acid is decompolcd, the oxygen uniting with the 
iron, while the fiilphur coiuhines with the ialt Hence 
this fulphat of iron is always contaminated with fulphiir. 
The fulphurous acid has a Icfs afHnily for iron than the 
fulphuric ; and if the latter be added to the fulphat, its acid 
is difengaged in the form of gas. 

Nitrat of /mi.— The nitric acid has very violent aftion 
upon iron, and an abundance of the red fumes of nitric 
oxyd are difengaged. The fame thing in fome mcafure 
takes place with this acid, as has been remarked with regard 
to the fulphuric. If it be more than a certain ftrcngih the 
action is feeble, until a certain portion of w'ater is added. 
I'he fame explanation will anfwer in both inllances. The 
nitric acid does not diffolve the nitrat at firlt formed, the 
prcfcnce of which interrupts the future progrefs of the 
operation. When the folution is made with much water 
the iron is oxydized to a mimmttm, and the fait formed is 
the proper nitrat. It is of a pale green colour. The veflcl 
in which this folution is made fhoiild be kept in water as 
cold as poilible, clfc it will abforb too much oxygen, and 
pafs to the oxy-nitrat. 

Oxy-nilrat of Iron, — When iron is a6Icd upon by the Icfs 
diluted acid, and with heat, the fait formed is the oxy-nitrat. 
The folution is of a deep brown, refembling the oxy-fulphat. 
It has a ftrong aftringent tafle, and turns vegetable blues 
red. When the folution is boiled the oxyd is partially pre- 
cipitated ; nor will it afterwards diffolve in the nitric acid. 
This has furnifhed one means of feparating iron from other 
fubftances in the analylis of minerals. 

We are indebted to Vauquelin for a method of obtaining 
this fait in a cryftallized ftate. The method he recommends, 
is to keep the black oxyd of iron and ftrong nitric acid 
together for a length of time, till the cryflals appear. Tliey 
have an acid tafle, and are deliquefeent. The form of them 
is that of a four-fided prifm. 

The alkalis precipitate the oxyd of iron from this fait of 
a fine yellow colour, and yield a produ^ which is valuable 
to painters. 

Muriai of Iron. — The muriatic acid, like the fulphuric 
and nitric, adts feebly upon iron, except it be diluted to a 
certain extent with water. It differs from the latter, and 
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agrees with the former, m not being clecompofed ; but 
merely takes up the ox) d formed by the oxygen of the 
water, the hydrogen being given out in the Hate of gas. 
The folution is of a green colour ; and, on evaporation, it 
affords cry Hals prefentina: the fame appearance. Mr. Davy 
has given us fevcral ufeful fails relative to this fait. It 
was employed by him to great advantage in making feme 
cudiometrical experirnents. He found tliat a folution of it 
abforbs a large quantity of the nitric oxyd gas, which, in 
thiji fituation, is bettii fitted for abl'orhing oxygen than 
by mixing the two gafes together. liy abforhiiig tins 
gas it alVurnes a brown colour, and acquires an aHringent 
talle, Wlien the compound is heated, it appears that the 
gas is decompofed as well as a portion of water ; Tince the 
iron becomes more highly oxydized, and ammonia is formed. 
Mr. Davy recommends an infallible method of forming 
this fait, by adding muriatic acid to fulphnret of iron. The 
fulphnreited hydrogen prevents the muriat from becoming 
oxy-muriat, which has not the property of aViforbing tlie 
nitric oxyd. Muriat of iron is very foluble in water and 
in alcohol. It is decompofed by the alkalis and alkaline 
earths, and all falts, the bales of which form infoluble com- 
pounds with muriatic acid ; fuch as filver and mercury. 

Oxj-muriaf af Iron, — The muriat of iron, like the fulphat 
and nitrat, is converted into the oxy-muriat by the oxyd of 
iron paffiug from the Hate of prot-oxj'd to that of per-oxyd. 
It flovvly undergoes this change by expofure to the air; 
and rapidly, by the agency of thofe bodies which afford 
oxygen with greater facility, as the nitric and oxy-murialic 
acids. Tile folution is of a deep brown, but docs not afford 
cryilals by evaporation. It has a powerful, aHringent taHe, 
and a peculiar odour. Wiu n this fait is dilHllcd it affords 
oxy-miu*ialic acid, leaving in the retort the prot-oxyd of 
iron. 

If the heat be applied rapidly, the fait fublimes j not in 
the Hate of oxy-muriat, but of muriat of iron. 

Tliere is alio a tri])Ie fait formed by the muriatic acid 
with iron and ammonia, 'i'ins may b(‘ prepared by adding 
iron-filings to muriat of amnunna. It may cither be ob- 
tained in cryilals by ev.iporation, or it may be fublimed. 
In the hr ter Hate il is known in medicine by the name of 
Flores Martis. 

Phojpbdt of Iren . — The phofphoric acid has little a^lion 
upon iron ; but the acid unites with the, prot-oxyd, and 
forms this compound. 

It is pre])ared by adding a folution of fulphal of iron to 
a fluid mixuir^'oi phoiphatof potafli. 'TIu’ bill precipttatv S 
in the form of a blue powder, whivh is infoluble in water, 
arid does lU't lofe its colour by expofure to the air. 

The fill) (lance known by the name of native Pniffiin 
blue, is a phofphat of iron ; but, what is remarkable, it has 
little colour when dug out of the earth, becoming deeper on 
expofure to the atmofphcre. A cryllidli/.cd fpecimeo, lately 
brought from Brazil, has been arialyied by Vauquelin, and 
7.S coinpofed of 

Acid 21 

Protoxyd 45; 

Water 34 

1 00 

exy-phofphat of /mi.— This fait is formed by taking ad- 
vantage of feme oxy-falt of iron and phofphat that is 
fo uble 5 as, for inftance, by adding together the oxy-fiil- 
phat, or oxy-muriat of iron, and the phofphat of foda or of 
potaih, a white powder will be precipitated| which is the 
ox y -phofphat of iron. 
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This fait is infoluble in water, but diflblves in the muriatic 
or fulphuric acids ; from tvhich it may be precipitated, uh- 
changed, by pure ammonia. 

Sub-OAy^pbofphat of Iron . — The fait above deferibed is not 
decomposed by the alkalis like the metallic falts in general. 
The alkali combines with a portion of the acid only, leaving 
the fait with an excefs oi bafe, which is the fub-oxy-phofphat 
of iron. This fub-oxy-phofphat does not diffolve in water, 
or fcarcely in acid ; bur it lias the lingular property of 
difihlving in albumen, or the white ot eggs : and if an 
alkali be prefent, which is the cafi: with the albumen in 
the ferum of blood, it affumes a reddifli-broivn colour, and 
is fuppofed, therefore, to be the principal colouring matter 
of the red blood of animals. 

Fluat of Iron. — 7 ^he liquid fluoric acid attacks iron, or 
rather takes its oxyd, which is formed by the oxygen of the 
wxiter, while hydrogen gas is evolved. It has no Hriking 
properties, or any which it may be important to deferibe. 

liorat of Iron . — 7 ’his fait, being infoluble in water, is 
obtained by mixing folutions of borat of foda and fulphat 
of iron together. It appears in the form of a ycllowilh 
powder, and melts into glafs before the blow-pipe. 

If the oxy-fulphat of iron be employed, an oxy-borat will 
be obtained. 

Carhonat of Iron . — When iron-filings arc mixed with the 
liquid carbonic acid, and fuffered to remain for fome time, 
the Walter wdll acquire a perceptible talk* of iron. If it be 
expofed to the air, a precipitation takes place, either from 
the gas flying off, or from the fait affuming the Hate of 
fub-carbonat. 'Blie precipitate is of a yellow^ colour. This 
fait is freipuMitly found in mineral waters, to wHiich it gives 
a peculiar odour. The water, by Handing a little wmile» 
is not fenlihle to any of the tells of iron ; but a yellow prc« 
cipitatt is found at the bottom of the vefTel. 

When a folution of neutral carhonat of potafli is added to 
a folution of fulphat of iron, a large quantity of iron is 
diffolvcd by the carbonic acid, giving to the fluid a Hrong 
inky talle. 

This fait is alfo found native in the folid form, of which 
wc have already fpokon in the mincralogical part of this 
art icle. 

U^lie common ruH of iron, formed by expofing iron to the 
air, may be proved to W a carhonat of this mcia! by its of- 
fer vefccnce with acids. It is, no doubt, from the folubility of 
this fait, that iron becomes fo pcrifliable by expofure to the 
weather. 

THk* Tub carhonat of this fpecics, according to Bergmanm, 
is compofed of 

7 t acid 

76 oxyd 

100 

It appearr, from foinc experiment.^ of Bucholz, tliat the 
native carhonat, by heating red-hot, becomes magnetic. 

/Iretnt of Iron. — I'he ac»*tic acid, when 0? moderate 
ftrengtli, added to iron-filings, eaufes the iron to be oxy. 
dated by the decompolition of the water, while the hydro- 
gen is fet at liberty. 7 *be folution has a fwcetilh, though 
inky talle, and emits the odtiur of vinegar. 7 ’he bell way 
of forming this fait is by mixing acetal of lead and fulphat 
of iron together. The fulphat of lead becomes infoluble, 
and the acetat of iron remains in the liquid. Mr. Davy ob- 
tained this fait by digelling the fulphuret of iron with acetic 
acid. It afforded to him cryilals in fuiallprifms. 

Oxy-ncetat of Iron. — If tne oxy-fulphat of iron be ufed 
inliead of the fulphat with the acetal of lead, the fulphat 
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lead 18 precipitaUdy and an oxy^ acetat is held in folution 
of a beautiful reddiHi-brown colour. This fait docs not 
afford cryftals. It has the fmell of vinegar ; and, when in 
folution, affords an excellent tefl for arlenic. The arfenic 
forms an infoluble compound with the iron, of a brilliant 
orange tint. The pyrolignic acid, which is an impure 
acetic acid, unites with iron, and yields a very cheap acetat 
of iron, whicli is iifcd by dyers and calico printers as a 
mordant. 

Suremat of Iron — AV^hen the folutions of fuccinat of potafh 
or fbda, and fulphat of iron are mixed together, a brownifh- 
red infoluble precipitate is formed, which is the fuccinat of 
iron. The foluble fuccinat may hence be employed to 
fi'j^arate iron from other fubflanccs* 

It is compofed of 

Acid and water fii.j 
Oxyd - . 38.5 

100 

The oxahiti iavidratf citrate malat^ henzoaty and fuherai of 
iron, are but little known. They are all, however, foluble 
in water. 

Gal/tti of Iron . — When the gallic acid is added to any 
folution of iron, the oxyd being at a minimum of oxydation, 
a fine purple precipitate will be produced. If the aiid 
be entirely freed from tan, the purj>le colour is much more 
confpicuoiu. The pure gallic acid, therefore, is much 
better as a teft for iron, than the mere infufion of galls. 

The tan may be feparated from this acid by means of 
gelatine, which docs not precipitate the gallic acid. By 
this treatment a iolution may be obtained colourlefs and 
limpid. 

If the gallic acid be added to a fait of iron, in which 
the oxygen is at a ma.ximumy the precipitate is a very com- 
plete black ; but the oxyd foon feparates, and falls to the 
bottom in the form of a red powder. This property renders 
tliefe falls of iron unfit for making writing ink. When the 
oxyd is in the ftate of prot oxyd, the combination is per- 
manent $ and although it is not fo black when firft ufed, 
it foon becomes dark by expofure to the air. We may 
hence learn, that while ink is in ufe, it Ihould not be kept 
expofed to air ; fince it paffes to the ftate of oxy-gallat, and 
the oxyd will fall down. 

Prujftai of Iron . — When the triple prufliat of potafh and 
iron IS poured into a folution of the latter fubftance, the 
oxyd being at a minimum of oxydation, a white powder is 
rccipitated, w'hkh is the prufTiat of iron. If this powder 
c expofed to the air, it changes to a blue ; and in this ftate 
is called the oxy-prufliat of iron. 

Oxy-pruJJiat of Iron . — This fait is formed by the fame 
foluble prufli it being added to the oxy-fiilphat of iron, and 
conftitutes the beautiful blue pigment, knowm by the name 
of Prujian blue. It is generally, however, adulterated with 
almmr.t*. See Prussian Blue and Piiussic Acid. 

Arfeniat of Iron — 'Fhe native arfeniat has been already dc- 
fcribed in the minfralogical part of this article. Arfeniat of 
potafh, or ammonia, being added to the fulphat of iron, an 
infoluble pow'der precipitates, which is the artificial arfeniat 
of iron. 

Q.\j -arfeniat of Iron. - The arfeniat of iron, in common 
witii all the other lalts of this metal, combines with an extra 
dofe of oxygen, couftiluting the oxy-arfeniat. The pre- 
cipitate formed by the arfenic acid and the oxy-acctat of 
iron is of a blueifh- white colour. 

The oxy-arfeniat of irpn, from the analyfis of Chenevix, 
is compofed o( 


Acid 42.4 

Oxyd 37.2 

Water 20.4 

100 

jirfetiite Qf Iron* — The arfenious acid, or the common 
white arfenic of commerce, forms with iron peculiar com- 
pounds, which have been but little examined. It does not 
take the oxyd of iron from the fulphat, but decompofes the 
acetat, forming with the protoxyd a fubftance of a greenifti- 
ycllow colour ; the precipitate from the oxy-acetat being of 
a bright orange. If either of the acetats contain the leaft 
portion of the fulphat of iron, it prevents the precipitation 
of the arfenite. 

Chromat of /row.— See CllUOME. 

Moft of the other acids combine with iron ; but they form 
compounds Avhich are but little known. Certain alkaline 
falls adl upon iron, and produce triple compounds, which 
have not received a particular examination. When the ni- 
trat of potafti is fufed in contadl with that metal, the acid is 
decompofed, and the iron oxydized to a maximum. This 
melted mafs, after the acid is completely diflipatcd, is of 
a red colour. If, before it becomes dcliquefceut, which 
takes place from the prefence of the alkali, it be thrown into 
water, the alkali diffolves a quantity of iron, forming a fo- 
lution of a deep fplendid purple tint. The colwur remains 
permanent for fome time, if the air be excluded ; but, if ex- 
pofed in an open veffcl, it changes quickly to a green, and 
the oxyd ultimately precipitates, leaving the liquid clear 
and colourlefs. The precipitated oxyd is of a deep red 
colour. 

Defcription of Plates* 

Plate I. fig. I, a plan of an iron forge; fg. 2, an ele- 
vation of the fame. In^. i. A i-s a water-wheel, which 
gives motion to the ftampiag hammer E ; G, the mill-dam ; 
H, the tail water courfc ; I I’s a frnall w'ater-wheel, 
to give motion to the blowing machinery; fg. i, is an- 
other water-wheel, which works the hammer 0, for drawing 
the balls, &c. into bars ; K is the milWam for fupplying all 
the wheels. 

Q, in fg. I , is a refinery, technically called a fncry ; 
in fig. 2. is the elevation. It is blown by the double blowing 
cylinders, r, e. R, the chafvry for healing the mafi'es of 
iron a fecond time after hammering ; S, S, plans of balling 
furnaces, and fimilar to the puddling furnace. 

Plate 11. Jig. I. is a front view of the finery, as fecn 
Jig. 2* Plate I. ; fg. 2. being a fide view. K, the hearth 
on which the pig-iron and charcoal is placed ; G H, the 
chimney ; f the air-pipe ; gy a cock to regulate the blaft ; 
by a leathern pipe conne^ing the main -pipe with the nofe- 
pipe ; i, fg. 3, an enlarged view of the tuyere-iron, into 
which the nofe-pipe i is inferted, and which enters the- 
hcarih at a, fg. i. ; m and n are two irv>n pipts, terminating 
in, and fonuing a part of the tiiycrc-iron. The. pipe m 
communicates with a ciftern of w^ater, which co.iveys a 
ttream of cold water, for the purpofe of keeping tliC tuyere- 
iron cool, and which is difeharged at n, into the ciftern Oy 
fg> 4> where the whole of this apparatus is feen. The fur- 
nace called the run-out furnace is very fimilar to ihe finery. 
The hearth of the finery is furrounded with cad -metal plates, 
having a cavity under the bottom plate, to throw water 
from time to time to keep tlic bottom plate oool. The run* 
out furnace differs from this, in being furrounded on three 
fidee with water. Tliis k;.nacc, and its ufe, has al- 
ready been deferibed. The chafery is alfo fimilar to \he 
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finery, except in tbe hearth being more like the fmith’a 
forge. 

Fig. 5. exhibits tongs for taking the balls from the fur- 
nace to the hammer j »nd fg. 7. an iron ladle, employed to 
throw water into the puddling furnace, to oxydate the 
iron. 

Fig. 8. the face of the ftampiug hammer, which is made 
to be taken out occaiionally. 

Fig. 9. the face of the hammer employed for drawing out 
the bars: t is the part ufed to extend the bars in length 
with more expedition ; the part a being cinjiloyed for 
fmoothening or finiftiing the bar. 

Figs. 10 . and ii. are different views of the hailing fur- 
nace: a is the fire-grate ; the hole whore the fuel is ad- 
mitted ; d </, the roof made of fire.brick ; r, the door 
through which the balls are admitted; aud^<^. the hearth 
on which the balls are laid to be heated, by the flame which 
18 carried by the draught of the chimney G. This furnace 
is bound on all fides by bars of iron, fecured by bolts. 

The puddling furnace is fo nearly funilar to this, as not 
to rec^uire a feparatc drawing. The hearth is more concave 
oppofite the door, for the purpofe of containing the metal 
which is liquid, previous to its affuming its malleable Itate. 
'Fhe door of this furnace, for heating the balls, confifU of a 
frame of wrought iron, containing fire bricks, to prevent 
the efcape of heat. It /huts and opens upon the hole, by 
being attaclied to the end of a lever ; its weight being coun- 
terpoifed at the other end. See fig. i. Plaie IV. where 
R is the lever ; /, the door ; and /, tlie part by which it is 
raifed. 

The door of the puddling furnace confifts of a folid piece 
of cad-iron, about 3 inches thick, having a fmall hole 
throu|fh it, for the purpofe of infpedting the procefs, and 
introdiicing the puddling inllruments. 

Plate 111 , Jigs. 1. and 7. are views of the reverberatory 
furnace, ufed by the call-iron founders, for melting large 
quantities of metal at once. This furnace, like the lad, is 
heated with dame from its dre place a, the fuel being in- 
troduce d at B ; e d is^ doping hearth, on which the pigs 
or other pieces of metal are laid ; by the door where it ts in- 
troduced ; and gt the chimney. The melted metal runs 
down to the part 0, whore it is accumulated, and ia let out 
at y*; or a door may be opened at e above, and tlie melted 
metal carried out in ladles, to be poured into tiic moulds. 

Fig. 2. is a fection of a cupola, in which a ii> the interior 
of the furnace containing the mefal and cokes; /, tte tap 
hole ; the nofe-pipe ; dy a leathern pipe conne^ing the 
air-pipe, which comes from the blowing cylinder, with the 
fame ; e, a dop-cock to regulate or turn off the blaft. 

It generally conlids of four plates of cad-irou, firm’y 
bolted together; the interior being lined with fire- brick. 
This furnace is generally employed for the bell kind of 
work, and will melt many charges in a day, according to 
the nature of the metal expofed in it. 

Plate IV Jigs, I. and 2. are two views of forge-hammer 
machinery, ertfled by the celebrated Smeaton. A is tne 
water-wheel ; H, a fly-wheel 5 D, wheel-work to open the 
fliuttle by a little at once, for the purpofe of adjuding the 
quantity of water ; F, a cog-wheel to give motion to the 
v/heel G ; at the other end, I, arc a number of cogs, which 
lift the hammer K, Jig. 2, by paffing under its fhaft, or 
helve, as it is fometimes termed ; L, a large beam of wood 
inferted into the poll M, and pafling horizontally oyer the 
hammer. Into the pods, M and N, is inferted a piece of 
afh-timber oy againit which the hammer K ftrikes in its 
afeent, and by its elaUicity re-adls upon the hammer, and 
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f ives it a greater defeending velocity than would be pro* 
uced by gravity alone. Q w a number of heavy pieces of 
metal laid upon the beam L, to increafe its vis inertia, and 
will, in conicquence, receive lefs motion from the hammer, 
(See Mill-Work and Water-Wiikkl.) The hammer 
here deferibed has been much improved, fo far as regards 
the fpring at 0. 

That already mentioned in the plate is much praferred* 
The whf)lc of it is made of cad-iron, and its weight is about 
3^ ewt. It afts Amply by its gravity; its extra force, 
therefore, over tbe common one, confids in its greater 
quantity of matter It is made exceedingly maflive near 
the centre of motion, by which means its centre of ofcilla* 
tion is thrown nearer to that point, and it confcquently de- 
feends with greater velocity. Although this is an advan- 
tage with refpe£l to the number of ftrokes in a given time, 
it IS a difadvantage in another way ; fince the centre of ofcil- 
lation is alfo the centre of perculfion, or tlie point where 
the greated dioke is made. Could the velocity be obtained 
without tliis evil, the advantage would be material. Sec 
Tiltino-Mill. 

Iron, in the Materia Medico, is faid to have greater virtues 
than any of the other metals, which is not to be wondered at, 
as being the only one that is in a manner foliible in the human 
body. All the other met:ds, whether liard or foft, poifonoiis 
or falutary, nay even fluid mercury itfelf, fwallowed in their 
crude date, pals out of the body again unaltered ; but this 
is not the cafe with iron, its crude tilings are often taken as 
a medicine, and are always fo much a£lc*d upon by their 
juices, as to produce conlidenible edeiEls, It is fo cafily 
wrought upon out of the body alfo by fire, and by different 
mendruums, that it becomes an aperient or aftringent, as it 
is. differently treated ; and is, under proper management, 
greatly fuperior to all other medicines in chronic cafes. 

Iron or decl, that is, the ferrum or chalyls, may be em- 
ployed indifferently, as Cullen fuggeds, in the preparation 
of the rubigo ; but he thinks that, upon the whole, the 
preference is due to the iron in its foft malleabfe date, or in 
that which is called “ forged iron.'' As iron, fays tliis me- 
dical writer, like all other metals, in its folid and entire dale, 
is not adtivc with reg.ird to our bodies, vviiliout being cor- 
roded or diffulved by faline matters, he is of opinion, that 
it is rendered ad'tive only by being combined with acids. It 
has indeed been common to give the entire metal, brought by 
filing into a fine powder, and with very good efiPe^ls, as a- 
medicine. But ihis he does not confider as an exception to 
his general rule ; bccaufe he is perfuaded that there is con- 
dantly prefent in the human doniach a quantity of acid ca- 
pable of dilfolving iron ; and as a proof of it he alleges 
tliat he never knew ir.)n given in its metallic or flightly cor- 
roded date, Without producing a blacknefs in the /tools, 
which afford? a prefurnption of a previpus folution of the 
iron in acids. As this combination with acids is ncccffary, 
phyficians and chemids have divcrfificd this combination in 
a variety of ways ; Dr. Cullen obferves, that he has not 
known a preparation of iron for the purpofe of medicine, 
that has not been prepared by ’ combination with acids, or 
by bringing the iron into a date that rendered it readily fo- 
luble by the uciJ of the do.oach, and Dr. Lewis very pro- 
perly remarks, that Prufllan Hue, though truly containing a 
quantity of iron, as it is not foluble in any acid, is the leall 
promifing of aH the medicinal preparations. 

Its virtues internally were not unknown to the ancients j 
Diufeorides attributes both an adringency and apcriency to 
it, and preferibes it in hxmorrhages. He alfo recommends 
its ruft, or crocus mortis, in fuppreffions of the menfes; 
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tliDiigli he, on the other hand, prcfcribes wine or water, in 
which red-hot iron has been quenched, as an adringeut in dy- 
fenteries, diarrhoeas, and wealenefles of the ftomach. 

Iron combined witli acids becomes an allringent fub- 
fiance ; and hence its great medicinal virtue is caufed by its 
tonic and (Irengthening qualities ; for by increafing the tone 
oftheveflels, it increafes their vigour and aAivity. It pro- 
duces a flight and gentle irritation of the fibres, the effort of 
which is to coiiftringe the fc'nfible organic parts upon which 
it acts, and to incrcafc iheir force and elaflicity. Iron par- 
ticularly arts upon the libres, and the vcflVls of the llomach 
anil inteftines ; hence it produces excellent efferts in all 
diieafes which proceed from laxity and iiiartivity of the di- 
gellive organs. Such are crudities, bad digeflion, accom- 
panied with diarrhoea, flatulencies, flatulent colics, &c. See. 
in difeafes which proceed from the former, as many hylle- 
ncal, hypochondriacal, melancholic affedlions, intermittent 
fevers, tertians and quartans, 5 .C. In thofe cafes iron 
quickens the circulation and railes the piilfe ; renders the 
blood more florid, and as it were expands and rardies the 
juices, promoting, when they are deficient, and rollraining, 
when immoderate, the fccrctions that are made from the 
blood, as perfpiration, urine, and the uterine purgations. 
By the fame corroborating power, which renders it fer- 
viceable in promoting deficient, and retraining redundant 
difcjiarges, where the fappreflion or flux arifesfrom debility 
and relaxation, it increales, on tlie contrary, fluxes, and 
confirms obflrurtions, when they proceed from lenlion, ri- 
gidity, or {pafniodic ftrictures of the vcflels. Where either 
the circulation is quick, or the habit plethoric, by increafing 
the velocity of the blood, and the plethoric fymptoms, it 
produces hcavinefs, dulnefs, vague heats and fliiftiings, or 
kindles more dangerous fevers or inflammations, or biirfts 
fome of the over-dillcnded fmall veflols. In fome conllitu- 
tions, where iron is proper and faiutary, particularly in 
hyfterical and hypochondriacal cafes, and where the llomach 
is very weak, it is apt at firfl to occaiion great ficknefs and 
perturbation ; to reftiedy thefe inconveniences, Sydenham 
advifes, to begin with very fmall dofes, and to adminifler it 
for a while at bed-time, in conjunrtion with a flight opiate. 
In other circumftanccs, it is commonly taken in the morning 
and afternoon, and moderate exercife ufed to promote its 
artion. In all cafes the dofe fhould be fmall and repeated ; a 
grain, or half a grain of the metal diflblved, or in a foluble 
nate, is generally a fufficient dofe. Its efforts are known 
by nidorous erurtations, and by the alvine faeces being tinged 
of a black colour. 

Stahl, and fcveral other modern chemifts and phyfleians, 
acknowledge only the tonic and Hrengthcning qualities of 
iron. The cafes in which iron has produced a refolving and 
aperient effed are thofe, in which the obflrurtions, and the 
defert of fecretions and excretions, have proceeded from 
weaknefs and relaxation of the fibres and of the veffels, rather 
than from a crafiitude of humours, as in the chlorofis, in 
fome kinds of jaundice, and other difeafes of the fame 
fort. 

The fame preparation, as Dr. Lewis has judicioufly ob- 
ferved, may fometimes exert an aperient, and fometimes an 
allringent, power, according to the Hate of the body to 
which they arc applied. If a retention of menfes de- 

pends upon a weaknefs in the veffels of the uterus, chaly- 
beate medicines, by invigorating the force of the veffels, 
may cure the difeafe, and may thereby appear to be aperient ; 
and, on the contrary, in a menorrhagia, wheiw the difeafe 
depends upon a laxity of the extreme veffels of the uterus, 
iron exhibited, by rellosing the tone of tlieie veffels, may 
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(hew an aftritigent operation. However, it is probable, 
that in the cafes of fuppreflion depending upon a conftrirtioii 
of the extremities of the veffels of the uterus, the fame 
tonic powers may not be fo properly employed. By confi- 
derations of this kind, the inutility or propriety of the me- 
dicinal preparations of iron may be determined. In all 
cafes of a6live hemorrhagy they mud be hurtful ; and 
in cafes of hemorrhagy from external violence, Dr. Cullen 
would judge them to be iifelefs, if not hurtful. In cafes of 
a general flaccidity, as it is frequently marked under the 
title of « Cachexy,” and in all cafes ot evacuations from 
laxity, whether fanguine or ferous, they are likely to be 
the moft effertual remedies. The good efferts of the prepa- 
rations of iron, as Dr. Cullen apprehends, have been often 
miffed by their being given in too fmall dofes. The faline 
pre para t ion vS, in large dofes, are ready to irritate the fto- 
mach ; and for this reafon, and fome others, it mutt be al- 
ways proper to begin with fmall dofes, and to increafe them 
by degret s ; but he has often found, that no great benefit 
is to be obtained but when large quantities, either by the 
fize of the dofes, or by the long continuance of them, have 
been thrown in. He fays, that he has found the fimple ruft 
as effedlual as any other prcpaiation, and the ftomach has 
borne it better than any other. He begins with a dofe of 
five grains, but gradually increafes it to what the ftomach 
eafily bears. Some are laid to have given it to the quantity 
of fix drams in one day ; but he has harilly found any llo- 
mach that would bear the third part of that quantity with- 
out much licknefs. He thinks that the ftomach bears it bet- 
ter by joining with it fome aromatic. 

The preparations of iron that have been in more frequent 
ufe, and feme of w^bich arc at prefent continued under dif- 
ferent names, are, i. The crude filings reduced to an impal- 
pable powder ; this is an excellent form for adminillcring 
iron in female diforders, in which the body is weak, 
languid, and full of acidities ; the dofe of the filings is from 
two or three grains to a fcruple or more. 2. “ Mars faccha- 
ratus,” which is the filings candied with fugar, by diflolving 
two parts of fine fugar in water, and boiling it down to 
a candy confiftence, and adding, by little and little, one part 
of the cleanfed filings in a kettle over a gentle fire; the 
veffel being continually (haken, that the filings may be crufted 
over with the fugar. In order to prevent the mixture from 
running into lumps, a little llarch is previoufly mixed with 
the fugar, in the proportion of a dram to a pound. 3. ** Li- 
matura Martis praparata,"’ or “ Chalybis rubigo prgepa- 
rata,” is formed by moiftening the filings with vinegar or 
water, and expofmg them to a moiil air, or occafionally 
moiftening them atrelh, which foon change in great part into 
ruft ; this rull may be feparated from the uncorroded part, 
by grinding and wafhing over the fine powder with water. 
This is given in tlie fame dole as the crude filings. 

This preparation, which was denominated “ chalybis ru- 
biffo prjcparata” in the London Pharmacopeia of I 745 > 

« ferri rubigo*' in that of 1787, is now called ** lerri car- 
bonas,” or carbonate of iron. It is foryied of fulphate of 
iron, eight ounces ; fub-carbonate of ioda, ten ounces ; and 
a n-allon of fK)ihng water. Diffolve the fulphate of iron and 
fu1)-carbonatc of loda feparately, each in four pints of water ; 
then mix the folutions together, and fet by the mixture, 
that the precipitated powder may fubfide ; having poured off 
the fupernatant liquor, wafli the carbonate, of iron wuth hot 
w^ater, and dry it upon bibulous paper in a gentle heat. 

There arc tw'o oxyds of iron, both of w’hich are com- 
bined with acids, and form different modificntioiis of the 
fame fait, a ^ftinrtion that ought to be particularly regarded 
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in medicine ; they have been named, from their colour, black 
and red oxyds ; the former, which is black, or (if formed 
as in the prefent in (lance, by precipitation from water) 

f reenifli, confifts of iron 73, and oxygen 27, according to 
«avoifier. It may be formed in various ways : as by expo- 
fure of apafte of iron-filings and water to the air ; by heat- 
ing together one part of red oxyd of iron, and two parts of 
iron-filings ; and by adding a folution of alkali to one of 
green fulphate of iron, and drying the precipitate quickly 
without expofure to air ; and it is kept as a feparatc article 
in the Edinburgh Pharmacopeia, under the name of Ferri 
oxydum nigrum punficatum.” The latter, or red oxyd, 
confills, according to Proull, of iron 52, oxygen 48, and in 
its relation to black oxyd is compofed of 66.^ of that oxyd, 
and 33.5 of additional oxygen. Some chemifts liave fup- 
pofed the exiflencc of otlier gradations of combination of 
iron and oxygen, but the above are all that are generally 
admitted, or that require particular notice ; this latter is 
alfo kept in tlie Edinb. Pharmac. under the name of “ oxy- 
diim ferri rubrum.*^ Salts containing the black oxyd, on 
expofure to air, pafs to the Hate of red oxyd, by attradling 
oxygen from it, and in the procefs of drying, the fame 
change happens here to the oxyd in the fub-carbonale, which, 
at tile lime of its fir ft precipitation, is a black oxyd. The 
lame fubftance, more imperfectly prepared, conftituted the 
mil of iron {firri ruh't^o) of the former Pliarmacopeia, for 
which, in all ihe proccfl'cs into which it entered, this preci- 
pitate is now fuhlliliitcd. 'J'he red oxyd of the Edinburgh 
college is the old “ Colcothar vitrioli,” and formed by ex- 
pofurc of common fulphate of iron to a ftrong heat, fuffi- 
cient to drive over its fulphuric acid, when the red oxyd re- 
mains behind, as in the procefs which was formerly in ufe 
for obtaining that acid. Sub-carbonate of foda is preferred 
for the precipitation to that of potafli, on account of the 
greater folubility of the fulphate of the former than of the 
hitter alkali, and the confequent facility with which it may 
be wa(hed away. The fait is a fub-carbonate, but as only 
one of the compounds is kept, the relatiotf 4 « not cxprcfTed. 
The dofe of the ferri carbonas” is from two to ten 
grains. 

4 “ Mars fulphuratiis,” prepared by mixing iron-filings 
with twice their w'cight of flower of brim (lone, and as much 
water as will make them into a pafte, which in a few hours 
fwell up, and is then pnlverizctl, and put into a heated cru- 
cible to deflagrate, and kept conftantly ftirnng with an iron 
fpatula, till It falls into a deep black powder ; this powder 
urged longer in the fire, becomes red, and is called, 
5^. “ Crocus martis aperiens ct aftringens.’’ 6. The fait or 
vitriol of iron, “ ferr urn vitriolat urn,” called Sal tnartis.’^ 
This is now difufed. See Crocus Martts. 

This is the ‘‘ ferri fulphas,” fulphate of iron, of tlie Lond. 
Pharm. of 1809; and is compofed of iron and fulphuric 
acid, of each by weight eight ounces, and four pints^ of 
water. The fulphuric acid and water are mixed t^etber in a 
glafs vefTcU'and the iron is added: then, after the effervcfcencc 
has ceafed, the folution is filtered through paper, and eva- 
porated, fo that cryftals may form as it cools. The water is 
afterwards poured away, and the cryilala are dried upon 
bibulous paper. Upon a large fcale this fait is formed from 
native fulphuret of pyrites') by moiftening, and ex- 
pofing it. to the open air. Thefulpliate of iron is afterwards 
chflblved in water and cryftalUzed by evaporation. Sulphuric 
acid will unite either with the black or red oxyd : the firft 
of thefe is the fait here intended for internal ule, and upon 
this point gieat llrefs ought to be laid ; as the kll is the 
Hate in which the fulphate of trade is ufually found, and 
which, for medical purpofes, is a very diftind and uiferior 
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thing. Its cryftals are tranfparent rhomboidal prifms, of a 
light green colour ; its talle is attringent and ftrong, and it 
reddens vegetable blues. One part is foluble in two of cold, 
and in three-fourths of boiling water. It is infolublc in 
alcohol, in which menftruum the red fulphate is foluble, 
and this affords a method of afeertaining the exiftence of the 
latter with the former, as alfo of feparating it. On expo- 
furc to air it is gradually converted into red fulphate : it 
confifts, according to Kirwan, of acid 26, iron 28, and 
water 46, parts. Heat drives off the water of cryftallization, 
and the fait remains white : if urged farther, it drives over 
the acid, and leaves firll a red fulphate, and at lad a red oxyd 
of iron. The dofe of the “ ferri fulphas*' is from one 
to five grains. 7. Tindlura martis in ipiritu falis,” P. L. 
1745, “ Tindlura ferri inunate,*^ P. L. 1787, or << Tindl:ura 
ferri muriati,’' tin£lure of muriate of iron, P. L. 1809. 
This is formed by pouring the muriatic acid, in the propor- 
tion of a pint, upon half a pound of carbonate of iron 
ill a glafs veffel, and fliaking it occafionally for three days ; 
then fetling it by, that the firces, if tlicrc be any, may fub- 
fide ; pouring off the folution, and adding three pints of 
reftified fpirit. This fait appears to be an oxy muriate of 
iron, the red oxyd of iron employed becoming, on its combi- 
nation with the acid, black oxyd, and giving over its fuper- 
abundanl oxygen to the muriatic acid. This appears to be 
its ft ate, bccaufe fulphuric acid added to it detaches oxy- 
murialio acid, and heat drives over oxymuriatic acid ; and 
in the latter inftance, although the red oxyd was uled for its 
preparation, the black oxyd remains behind. The fait, eva- 
porated to drynefs, yields an orange-coloured mafs, which is 
uneryllallizable, dehquefees on expofure to air, and is folu- 
ble in alcohol. The tiiidfture has a brownifli yellow colour, and 
very ailringent tafte. 8. Flores martialcs,” P. L. 174^1 
flowers of iron (fee Flores), “ Ens Veneris,*’ P. L. 1720, 
ferrum ammoniacalc,” P. L. 1787, or ‘‘ ferrum ammonia- 
turn,” ammoniated iron, P. L. 1809, is compofed by inti- 
mately mixing carbonate of iron and muriate of ammonia, 
of each a pound, and fubliming by immediate expofure to a 
ftrong fire, and, laftly, reducing the fublimcd ammoniacal iron 
to pow^der. This fubftance confills of red muriate of iron, 
mixed by fublimation with muriate of ammonia. It is orange* 
coloured, with a fniell refcmbling faffron, is deliquefcent, and 
foluble in alcohol. The refiduc, whicli is deliquefcent, con- 
fifts alfo of red muriate of iron, and was formerly kept 
under the name of lixivium martis.** The dofe i** from 
three to fifteen grains. 9. Tin6lura florum martialiiim,” 
P. L. I745» “ Tindlura martis MynficJiti,’^ P. E. 1720, 
“ Tm£l lira ferri ammoniacal is,” P. E. 1787, or “Tinelura 
ferri ammoniati,” tin£lurc of ammoniated iron, P. E. 1809, 
is formed by digelling four ounces of ammoniated iron 
in a pint of proof fpirit, and then draining. This is an 
elegant chalybeate, and may be given in dofes of a tea- 
fpoonful. 10. “ Ferrum tartarizatum,” or tartarized iron, 
P. L. 1787 and 1809, called alfo “ Mars folubilis,'* and 
“ Chalybs tartarizatus,** confills of iron, a pound, fupertar- 
trale of potafs, powdered, two poiindv', and a j.int of water. 
Rub them together, and expofe them to the air in a broad 
glafs veflcl for eight days, then dry the refidue in a fand bath, 
and reduce it to a very fine powder. Add to this powder 
a pint more of water, and expofe it for eight days longer ; 
then dry it, and reduce it to a very fine powdciv This is a 
triple fait, in which the iron is firft oxydated by being 
moiftened and expofed to air, and then combines with the 
fuperabimdant acid of the fupertartate of potafs ; and it is 
therefore a tartrate of potafs and iron. It may be diffolved 
in water and cryftallized. Tliis elegant and ufeful chalybeate 
may be given either in a folid or liquid form, from five 
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grains to a fcruple. It has been ufually diflingniftied in the 
(hops by the name of its invcator, Dr. Willis. 1 1. Li- 
quor ferri alkalini/' or folution of alkaline iron, iscompofed 
of 2^ drams of iron, two fluid-ounces of nitric acid, fix 
fluid-ounces of diftilled water, and flx fluid-ounces of the fo- 
liiiian of fubcarbonate of potafs. Having mixed the acid and 
water, pour them upon the iron, and when the effervcfcence 
has ceafed, pour off the clear acid folution ; add this gradual^, 
and at intervals, to the folution of fubcarbonate of potafa, 
occafionally fhaking it, until it has aflumed a deep brown 
red colour, and no farther cfFervefcence takes place. Laftly, 
fet it by for fix hours, and pour off the clear folution. This 
preparation was fir ft deferibed by Stahl, and called tinftura 
inartis alkalina,” and it is for the firft time introduced into 
the London Phamacopeia of 1809, as affording a combina- 
tion of iron diftin<it from any other, and often applicable to 
practice. It fcoms to be a triple fait, formed by the union 
of nitric acid with red oxyd ot iron, and with potafs. Dr. 
Lewis has obferved, that alkaline folutions or iron are ill 
adapted for medicinal ufe; and on that account, he fays, they 
have been wholly neglcdfed in modern praftice. 12. “ Vi- 
num ferri,'* wine of iron, P. L. 1787 and 1809, “ Vinum 
chalybeatum,*’ P. L. 1745, confifts of two ounces of iron- 
filings mixed in two pinis of wine. The mixture is fet by 
for a month, occafionally fhaking it, and it is then filtered 
through paper. Lewis Mat. Med. Cullen Mat. Med. 
London Pharmac. 1809. See Chemical Properties of Iron, 
Chalyheatesy and Mineral^ See. Wateu.s. 

Ikon, Ca/e-kardenln^ o/J a prccefs by which a fuperficial 
hardnefs is given to various articles made of iron. It is 
found by experience that pure iron is not fufeeptib'e of a 
very fine pohfh, and that, when it is expofed to the air, it 
very foon changes. All iron utenfils, therefore, fuch as fire 
irons, and many other articles, having the appearance of 
poliflied iteel, are cafe-hardened, for the purpofe of giving 
them a fine^olifh, as well as rendering their colour more 
permanent. The goods to be cafe-hardened (liould be finifhed 
with the exception of polifhing, fince, if the procefs be well 
managed, the mod delicate workmanfhip will not be injured. 
A box of wrought iron muft be provided, which is perfc6tly 
found in every part, having a lid of the fame metal, to fit 
very tight. In this box the articles are to be (Iratificd with 
powdered carbon, that of animal fubftances being the beft, 
for reafons ^iven in the article Iron, in the fe£lion on Steel. 
The box being perfeftly filled with thefe materials, let the 
lid be fitted on, and luted all round with a pafte made of 
equal parts of pipe. clay and Calais fand. The whole is now 
to be furrounded by bricks loofely built up, a little higher 
than the top of the box, leaving about four inches on each 
fide for fuel. This may be done either upon a fmith's 
hearth or in the open air. The moft proper fuel is the re- 
fufe -cokes from any fires where pit-coal is burnt. The fire 
being kindled, and the fpace filled up with this fuel, the heat 
will be applied gradually, owing to the fmothered combuf- 
tion. As foon as the box appears of a light red heat, let it re- 
main about half an hour, or more time if tne box be large, in the 
fame temperature. The lid may now be taken off, and the box 
inverted and its contents emptied over a cittern of cold water. 
If the box be fuffered to cool without being opened, the 

f oods will be peifedly wdiite and metallic when taken out. 

F they are now heated red-hot, and quenched in cold water, 
they acquire the fame hardnefs as if turned out of the box 
red-hot into the water. If the articles are very delicate, fo 
as to be injured by the air in beating a fccond time, they 
may be preferved, by di«)ping them into a mixture of a fatu- 
, rated folution of fait (muriate of foda) with any vegetable 
matter to give it a pulpy confiftence* During the time of 
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heating it red-hot, the fait fufes upon the fur&ce of the 
metal, defending it from oxygen, fo that after it it 
quenched in the water, and^ brufhed, it will be .perfedly 
clean. 

The fize of the iron box fliould not be very large.; it'is 
better to do the work at two or three procefles. Charcoal 
is a very bad conductor of heat, and if the mafs to be heated 
were large, thofe articles near the fides would be over done, 
by combining with too much carbon, while thofe in the mid- 
dle Avould be too little carbonated. 

People in the habit of cafe-hardening, have generally 
feme lecret receipt for the procefs, on which? they fet great 
value. All, however, agree in ufing carbon, the only thing 
neceffary : fome add to this falt-petre ; others fal ammoniac, 
and other articles, to which they very knowingly attribute 
their relati/e fuccefs. We can, however, affure the moft 
fage of thefe perfons, that if they make their box perfcftly 
air-tight, by the rules above given, ftratifying the articles 
with animal carbon alone, they will, with proper heat and 
time, produce the greutell pofiible efleft. 

Animal carbon may be produced from moft animal fub- 
ftanccs : among thefe are blood, hoofs, and leather. l*hefe 
fubftances (hoiild be prefTed into an iron pot, which can be 
heated red-hot, covered clofe, with a fmall open tube infert- 
ed into the cover. The volatile matter that efcapes may be 
fet on fire, which will in a great meafure deftroy the fmell ; 
or a receiver may be adapted, and the crude ammonia diftilled 
off. When the volatile fubftances have come over, the re- 
fiduum will be fine animal carbon, which requires only to be 
reduced to powder. 

This animal carbon is fo fitted for combining with iron, 
that if it be made into a pulp w'ith a faturated folution of 
fait, and laid upon the furface of iron ; upon being heated 
red-hot, and quenched in cold water with this coating upon 
it, the hirface w^ill become hard. Any part of an iron ar- 
ticle, not wifhed to be cafe-hardened^ may be prevented from 
undergoing the change, by covering the part with pipe-clay. 

IRvJN, For the blueing of i fee ueinc. 

Iron, For the expanfton of by heat^ fee Heat and Pyro- 
meter. 

Iron Chambers. See Chambers. 

Iron, For the refining of. See Refining and Iron, § 4. 
fupra* 

Iron, For the converfion of into fieel. See Iron and 
Steel. 

\viOyt Furnace. See BiAST-i^wr/iare, and Iron, fupra* 

Iron, Harping. See Harping. 

-liquor i in Calico Printing and Dyeings is a folution 
of iron in the acetic acid, ufed as a mordant for certain colours. 
It is employed as a fubftitiuc for the fulphat of iron, and is 
preferrea, in thofe procefi'es, to the latt fait. The oxyd of 
iron, which is the eflential ingredient, is more ealiiy attract- 
ed by the ftulF from the acetic than the liilphuric acid, and, 
befides, the texture is not fo liable to be injured by the ace- 
tat as the fulphat of iron. In order to make this fubftance 
cheap, the acid diftilled from wood, called pyrolignic acid, 
and now found to be impure acetic acid, is ufed as a fubfti- 
tute for vinegar. See Pyuolionic and the laft fcc- 

tion of the article Iron. 

iKOS-moulds are marks or ftains produced on fubftances, 
particularly linen and cotton, by the oxyd of iron. The 
affinity of thefe vegetable fubftances for the oxyd of iron is 
fo great, as not only to take it from the furface of iron, but 
from any acid with which it may be combined. We find, 
hence, that very few acids are capable of removing iron- 
moulds. From the well-known fad that the attraaion of 
acids for oxyds of metals is more feeble as the latter contain 
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more oxygen, we tre enabled to account for iron4nouldi 
being eaiier to remove, as they arc more recent. The ftain 
foon acquires an ora^e>red colour, by abforbing oxygen, 
and is with more dimculty extrafted. Various means are 
employed hr the laundrcfes for removing llainsof iron, the 
moll general of which is the citric acid, commonly called 
fait of lemons. The muriatic acid is frequently employed 
by the bleachers, and it is by far the moil rapid ana effec- 
tual procefs ; but the great caution neceffary, in fuddenly 
wafhtng the fpot after the (lain has difappeared. leffens us 
utility tor doineilic ufe. When the fpot is dipped into the 
clear muriatic acid, the iron almoll inilantly dilappears, and 
it is at that inllant the part (hould be plunged into a quantity 
of clean water, and walhed as quick as poifible ; the walk- 
ing being continued for a confiderable time. 

In order to render the oxyd of iron more eafily foluble by 
any acid, let the part llaincd be fteeped for fome time in a 
folution of fulphuret of potaih, or, what is more eafily ob- 
tained, fulpburet of lime, rinfing it afterwards in clean water. 
The oxyd will be deprived of lome of its oxygen, and may 
be removed by almoll any acid, when it is fo dilute, even, as 
not to injure the Huff, however long it may remain in it. 

It may be proper here to obferve, that the tartaric and ox- 
alic acids remove iron-moulds equally well with the citric 
acid. 

When the fuhllancc iron-moulded is printed calico, and 
of a buff colour, or any other colour in which iron is 
employed as a mordant ; it will be found that, in removing 
the iron-mould, the proper colour will alfo difappear. In 
tliis cafe there is no cffedlual remedy. 

Molt of the iron-moulds arc produced in the walhing, for 
want of fufficient caution. In tliofe utenfils in which metal 
is at all neceffary, copper or zinc (hould be employed inllcad 
of iron. With care, however, iron veffels may be fafely 
ufed. When they are not in ufe, the furfacc of the iron 
fliould, after being made clean and dry, be fmeared over 
with oil or tallow, and rubbed dry at the time they are 
ufed. 

IvLoyi-moulJii yellow lumps of earth or ftone, found in 
chalk-pits about the Chiltern, in Oxfordfhirc, and elfe- 
wherc, being in reality a kind of pyrites, or indigefted 
iron-ore. 

Ikon^s/, in Mintralo^y, is a term applied by Mr, 
Jamefon (Geognof. vol. iii. p. 47. 159.) tofuch rocks and 
Hanes as are coloured or clouded by the oxydi of iron. 
Ferruginous is a more common name for this very common 
appearance in the ftrata, 

IitON^f/, a Nautical Term, fignifying the decay of the 
iron fallenings by its corrolion with the lea w'ater, by which 
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fche continuity of the parts is gnawed away by degrees, 
whereby the veffel it not only rendered weak, but leaky. 

InoN^ew, is that fpecies of iron ore which abounds with 
a confiderable proportion of earth, fuch as lime, or alumine, 
and it tlie ore moft common in this country. See Iron. 

The manner of getting iron-ftone is divided into three 
departments : i , By MUmri s a. By Ml-fift t and 3. By 
epw-swri. The firlt of thefe methods is employed when 
the done lies at a confiderable depth. After linking a lliaft 
to the lower part of the ftratum, the ground is excavated 
in an horizontal dircAion, leaving at intervals certain parts 
Handing to fupport the roof of the excavation. The fpaces 
between thefe pillars are called Jlallt. 

• The icll-^t is employed when the iron-llonc lies at lome 
diHance from the furface, and where tlie'ground is not fuili- 
ciently firm to admit of llall-work. Thefe pits, when firll 
opened, are narrow, but become wider below, affuming the 
fhape of a bell. 

The third method, or the apen-mrl, is mtide ufe of wh(^, 
the ftratum containing the ftone is nearly bafleting, or m^ery 
near to the furface. The earth is firll removed, laying the 
ftratum containing the ore bare, and the Hone is got out as 
from an open quarry. 

The argillaceous iron ores are generally called iron-ftohes, 
and abound in many of the coal diftrifts. In Mr. Fany’s 
Agricultural and Mineral Report on Dcrbylhirc, vol.' 1. 
pi *17, a lift of feventy-fivc places in and near that county 
18 given, where iron-ftone has been dug, or where the rakes 
of iron-ftone, as tliey arc there called, have been worked. 

IiiON-wecrf, in Botany, Sec Sideroxylon. 

iRON-worit, in a Ship, denotes aK the pieces of iron, of 
wliatfoever figure or fize, which arc ufed in its conftruttion j, 
as bolts, boom-irons, which are conipofed of two rings, 
nearly refembling the figure of 8, nails, fpikes, chains, 
and chain plates, block-llrops, cranks, braces, pintles, and 
goodgings. 

InoN-wsrl/, a name given to the eftabliftiments for the 
manufafture of pig-iron. (See BtAST-Arnofr and Iron.) 
The moll proper fituation for iron-works is on the fide of a 
hill, from which a perpendicular defeent could be formed 
nearly equal to the height of the blall-furnace. The upper 
ground by this means is on a level with the mouth ot the 
furnace, where all the materials are introduced, and is there- 
fore the fituation where the ore is Toafted, and tfie cokes 
prepared ; the lower ground being the moll proper for the 
reft of the works. 

Where fuch local advantages do not exill, the materials 
are drawn up on an artificial inclined plane, by appropriate 
machinerr. 
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Kaolin 


itAOLIN, the name of one of the two fub (lances which 
W tlie ingredients of china-ware. The other, which is 
called petuntfti is cafily vitriiiable, and this kaolin is fcarce at 
all fo : whence the fire compofes from a mixture of them 
both a femi-vitrification, which is china-ware. See Force- 

J-AIN. 

The kaolin, ufed in the compofition of porcelain, requires 
Icfs labour than the petuntfe. There are large mines of it 
in the bofoms of certain mountains, the exterior Rrata of 
which confid of a kind of red earth. Thefe mines are very 
deep, and the kaolin is found in fmall lumps, that are 
formed into bricks, after having undergone the fame pro- 
ccfi with the petuntfe; which fee. Father d’Entrccolles 
thinks that the earth called terre de Malte, or St. Paul’s 
earth, has much affinity to the kaolin, although it has not 
thofe fmall (hining particles which are interiperfed in the 
latter. 

M. Reaumur had an opportunity of examining this fub- 
ftance, not in its native (late, but only in form of fmall 
bricks, made out of the pafte of the powder of the native 
kaolin and water. He found it of a white colour, and 
fprinkled all over with fine glittering particles ; but thefe he 
did not judge to be fragments of a dilTercnt fubftanoc miied 
among the mafs, as are the fmall flakes of talc in our ckys 
and lands ; but that the whole mafs was compofed of feme 
done reduced to powder, and made into a paile with water, 
and that thefe larger fpangles were only coarfer particles of 
the powder j the examination of which he promifed U'mfelf 
would difeover wh;.t the (lone was of which they were 
formed. And this was the more worthy of a diligent in- 
quiry, fiuce the petuntfe might eafily be fupplied by many 
of our own earths and fands ; nothing being required of 
that but a fub (lance ealily runijing into a white glals. But 
the difficulty of vitrifying this other ingredient renders it a 
thing much more difficult to be fupplied by one of the fame 
nature among ourfelvcs. The comparifon of thefe, with 
other nnineral fubftances, foon proved that they were of the 
nature of talc ; or, in other words, tijat kaolin was talc 
powdered, and made up into a paile with water. And to 
be affured whether the whole mafs was talc powdered^ or 
any thing cKc with a mixture of laic, lie feparalcd lli par* 
ticks of the kaolin by water, and found the fmall one® 
wholly the fame with the larger \ and that the larger, when 
reduced to powder alone, made with water a pafte whoUy 
the fame with the kaolin. It is well known, lliat the frag- 
ments of talc have a great refemblancc to the pearly part bf 
feme (Iicll filhes : and hence unqueftionably has arilen the 
opinion of porcelain being made of fea (hells \ ignorant per# 
font having feen the talc of kaolin, and taken it for a ihelly 
matter. Talc has not yet been fuccefsfully ufed in any of 
our European manufa£lure8 of porcelain ; but it is ealy to 


lee, trom many unanfw'erable reafons, that fince China 
porcelain is made of a mixture of vitriiiable and unvitrifiablc 
matter, nothing is fo likely to fucceed with us in the place of 
the lail of thefe as talc. 

I. We know no fubftance in the foffile world fo difficult 
to reduce to glafs as talc, which, if put into the ilrongcfl 
of our fires, in a crucible, is not to be vitrified, nor even 
calcined. 2. We know no fubftance which keeps fo much 
brightnefs niter having paffed the fire as talc, or that ii of 
fo pure a white ; whence we may alfo learn that it is not to 
the petuntfe alone, that the china-ware owes its whitenefs, 
but that the kaolin is inftrumcntal to the giving it that colour. 
3. Talc Is tranfparent, nay, and in foine degR^e keeps its 
tranfparence after the adion of tlic moil vident fire. If 
we are to make porcelain of a vitriiiable and unvitrifiablc 
matter mixed together, yet it is ncceflary that the unvitri- 
fiable one (hould retain its tranfparence, otherwife it would 
obfeure the mafs ; and talc is therefore the only known fub- 
llance qualified for this purpofe. Perfons who have been at 
the china works, fay, that the porcelain is made of equal 
quantities of petuntfe and kaolin, and it is therefore a juft 
and exad femi-vitrilication. 4. Talc is well known to have 
a great flexibility or touyhnefs, and as it is found to preferve 
this even after it has pafled the fire 5 it is very probable, that 
it is owing to this property of the kaolin that the china- 
ware is fo much lefs brittle than glafs. Mem. Acad. Par* 


It has been before obferved, that we may eafily, in Europe^ 
be provided with different fubftances, which will, in our 
porcelain manufaflures, fupply the place of the petuntfe of 
China, and talc appears equally qualified to ferve inftead of 
the kaolin. For this purpofe wc may ufe the common Muf- 
covy talc, or ifinglafs, ufed by our miniature-painters to 
cover their pidures inftead of glafs, and, by the curious, 
to preferve objeds for the microfeope j or perhaps the Ve- 
netian talc of the druggifts would fuccecd even better ; at 
lead the procefs is fo rational, as to be extremely well w'orth 
trying. 

But this kaolin is more probably an argillaceous earth, 
from its forming with water a mafs tenacious enough to be 
made into the loaves into which it is brought over. M. Bo- 
mare fays, that by analyfing fome Chinefe kaolin, he found 
it was a compound earth, confiding of clay, to which it 
owed its tenacity ; of calcareous earth, which gave it a 
mealy appearance ; of fparkllng particles of mica, and of 
fmall gravel or particles of quartz cryftals. He fays, that 
he has found a fimilar earth upon a ftratum of granite, and 
conjedured that it may be decompofed granite.. This 
conjedure is the more probable, as kaolins are frequently 
found in the neighbourhood of granites. See Clay, Hoaciie» 
and Porcelain £arth. 




K iln, m /l:;vhuhurc^ a kind of oven orftovefor ad- 
mitting heat, in order to dry fubltances of various kinds, 
as cons malt, liops, &c. It alfo fignilics a fabric or build- 
ing conftrufted for the purpofc of burning lime-done, 
ckalk, and other calcareous Roues, into lime. Kilns%are of 
different kinds, and formed in didVrent ways, according to 
the purpofes for which thc^y arc dcfigned. 

Yk.iLS'-JJheSi the allies made in kilns wliere wood, draw, 
fur/.c, &c. are burnt. Thefe allies arc ufeful as manure 
for altnod any kind of foil, but efpfcially fuch as poffefs 
much vegetable matter. In the wcderii didrids, tlie farmers 
lift them over their corn and grafs ; but this muft not be 
done in windy wcutlier, becaule they are ft) very light, that 
they would ealily be blown away and lod. They are found 
to luccecd bed when laid on jud before rain falls. See 
Ashks. 

Kiln, BncL Sec V>\\\QYi-Kik and Brick. 

Kiln, Hop^ a dove or kiln condru6led for thepurpofe 
of drying or iloving hops. See Hof and Oast. 

Kiln, L/W, a fort of kiln condnic'Icd for the purpofe 
of burning various kinds of calcareous fubdanccs, fuch as 
lime-done, chalk, (hells, &c. into lime. They arc built of 
different forms or (hapes, according to the manner in which 
they are to be wrought, and the kmds of fuel which are 
to be employed. It has been remarked, in a work on landed 
property, that, in places where materials are dear, from their 
being fetched from a di dance, and v.^bere the fuel is coals, 
and alfo expenfive, the form of a kiln is modl^ that of an 
inverted cone, a form which has its inconvenicncies ; but 
in didrids where the art of burning lime is pradifed with 
fuperior attention and corrednefs, the form has of late 
years been gradually changing from conical to elliptical. 
But, in his opinion, the belt form of a lime furnace, in 


the edabliflied pradice of the prefen t day, is that of the 
egg placed upon its narrower end, having part of its 
broader end (buck off, and its fidcs fomewhat compreffed^ 
cfpecially towards the lower extremity ; the ground plot 
or bottom of the kiln being nearly an oval, with an rye, or 
draft-hole, toward each end of It is fuppofed that 

two advantages are gained, by this form, over tint of the 
cone. By the upper part of the kiln being contraded, the 
heat does not fly off fo freely as it does out of a fpreading 
cone. On the contrary, it thereby receives a degree of 
reverberation, which adds to its intenfiiy.” But the other, 
and dill more valuable effei't is this ; “ when the cooled lime 
is drawn out at thb bottom of the furnace, the ignited mafs, 
in the upper parts of it,, fettles down, freely and evenly, 
into the central parts of the kiln ; whereas, in a conical 
furnace, the regular contradion of its width, in the upper 
as well as the lower parts of it, prevents the burning 
materials from fettling uniformly, and levelling downward* 
They hang'' upon the fides of the kiln, and either form 
a dome at the bottom of the burning niafs, with a void fpace 
beneath it, thereby endangering the dnidurc, if not the 
workmen employed; or, breaking down in the centre, 
form a funnel, down which the under-burnt Hones find 
Hieif way to the draft-holes." And «* the contradion of 
the lower part of the kiln has not the fame effed ; for, after 
the fuel is exhauded, the adhefion ceafes, the mafs loofens , 
and, as the lime cools, the lefs room it requires. It there- 
fore runs down freely to the draft-holes, notwithdanding 
the quick contradion of the bottom of the kiln or fur- 
nace,*^ 

And, ladly, that, with refped to the nme-furnacc 
(which is, he thinks, entitled to the mod fedulous attention 
•f agricultural chemiftry), the fire requires to be furnilhed 
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with a regular fupply of air. When a kiln is firft lighted, 
the draft^oles afford the required fupply. But after the 
fire becomes ftationary, in the middle, or towards the upper 
part of the kiln (efpecially of a tall kihi), while the Ipace 
below is occupied by burnt lime, the fupply from ordinary 
draft-holes becomes infufiicient. If the walls of the kiln 
have been carried up dry or without mortar, the air finds 
its way through them to the fire. In large deep kilns that 
arc built with air-tight walls, it is common to form air- 
holes in their fides, cfpccially in front, over the draft -holes. 
But thefe convey the air, in partial currents, to one lide of 
the kiln only, whereas that which is admitted at the draft- 
holes pafles regularly upward to the centre, as well as to 
every fide of the burning mafs ; and, moreover, lends to 
cool the burnt lime in its pafiage downward, thereby (on- 
tribiiting to the cafe and health of the workmen. lence 
Jie is of opinion, that the fi/e of the draft-holes ought to 
be proportionate to tliat of the kiln, and the fi/.e of the 
Hones taken jointly (air p.iHing more freely amon^ large 
than among fmall Hones), and that the required lupply of 
air flioiild he wholly admitted at the dratt-hedes. By a 
Hiding or a Ihifiing valve, the fupji^y might he regulated, 
and the degree of neat he encreafed or cliininiihed, at plea- 
lure,” according to circuinUaiices. 

The moll ancient kind of lime-kiln is probably that 
which is made by excavating the earth in the form of a cone, 
of fueh a fize as may be neceffary ; and aftcrwaids building 
up the Tides, or not, according to the circuinllunccs of the 
cafe : the materials being then laid in, in alternate layers of 
fuel and flone, properly broken, until the whole is filled 
up. The top IS ilien covered with fods, in order that the 
heat may be prevented from tfi aping ; and the fire lightid 
at the bottom, ami the whole of tlie contcnls burnt, in a 
gr ater or fpnee of time, in proportion to the nature of 
the Hone, and the (pumtity that is ctintained in the kiln. 
From tlie circumdance of the top parts of thefe kilns, in 
iome diflri(fls, being covered over, and the fides foinetiines 
built up with fods, they are termed fod’kilns^ in order to 
difiingui.Oi them from the otlicr forts. When the whole of 
the contents of lueh kilns are grown cold, tliey are drawn 
or taken out from the bottom ; and the kiln again filled, if 
iieccfTary. Tlieic kilns are ohvionny intended for burning 
only one kiln-fiill at a time. IV it as the burning of lime lu 
tills way is tedious and un<\ ouoiiiical, other methods and 
forms of kilns have been had recourfe to. Wherp lime is 
iniicli wanted, cither for agriculture or other purpafes, they 
therefore ufe pi*rpetual k'lns, or what are more geneiMlly 
known by the name ot '^riiefe, as all lime-kiliis 

ought to be, are, the aiitiior of Modern Agriculture fays, 
fituated by the iide of a rifmg bank, or flieltered by an arti- 
ficial mound of earth. They are generally built cither of 
Aoiie or briek ; but the latter, as being better adapted to 
Hand excelfive degrees of heat, is confulered as jircforahle. 
The outfidc form of fuch kilns is fometimes cylindrical, but 
more generally fquare. iiifidc Ihould be formed in the 

Aiapc of a hogflu'ud, or an egg, opened a little at both ends, 
and fet on the fmaUell ; being fmall in circumference at the 
bottom, gradually wider towards the middle, and then con- 
trading again towards the lop. In kilns conllrudted in this 
way, it is obferved, fewer coals are iicccfTary, in ctmfe- 
quence of the great degree of reverberation whicli is created, 
above that which takes ydace in kilns formed in the fltapeof 
a fugar-loaf reverfed. Near the bottom, in large kilns, two 
or more apertures are made : thefe are fmall at the infide of 
the kiln, but are Hoped under, bvilh at the fides and the top, 
ae they extend towards the outfidc of the building. The 
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ufes of thefe apertures are for admitting the air neceffary for 
fupplying the fire, and alfo for permitting the labourers to 
approach with a drag and (liovcl, to draw out the calcined 
lime. From the bottom of the kiln within, in forne cafes, 
a fmall building, called a borfc, is raifi'd in the form ot a 
wedge, and fo confini^iled as to accelerate the operation of 
drawing out the burned limc-ilone, by forcing it to fall into 
the apertuns which have bicn mentioned above, In other 
kilns of this kind, in place of this building, there is an iron 
grate near the bottom, which comes clofe to the infide wall, 
except at the apertures where the lime is drawn out. 
When the kiln is to be filled, a parcel of furze or faggots is 
laid at the bottom ; over this a layer of coals ; then u layer 
(d liine-fione, which is previouHy broken into pieces, almiit 
lh«' li/e of a man’s lift ; and fo on alternately, ending with 
a lav ( r of coals, which i*^ fometimes, though feldom, covered 
ui;h lod.^ or ti;rf, in order to keep the heat as intenle as j)f»f- 
lihle, 1'he fire is tlien lighted in the aperliires ; and when 
the liine-ftoiie towards the bottom is completely calcined, the 
fuel being conHderahly exhaiifted, the lime Hone at the top 
fiibhdes. '^i'he labourers then put in an addition i>f lime- 
ftonc and ctnil at top, and draw out at bottom as much as 
they find thoroughly burned ; and thus go on, till any quan- 
tity required be calcined. When iimr-ltone is huriied with 
coals from 2;^ to 3^. buftiels, on a medium, 3 bufhels of cal- 
cined lime-ftoue arc produced for every buHicl of coals ufed 
in the procefs. 

A liiiie-kiln of this fort is deferibed in count Rumford’a 
F.ftays, which is in polfefiion i;f the Dublin Societ y, as well 
as the principal objeds that ought to be had in view in con- 
ftru<‘ving of the kiln pointed out : the firll of which is, “ to 
caufe the fuel to burn in fueh a maniuT as to confume the 
fmoke, which has here been done by obliging the finoke to 
defeend and pafs through the firi‘, in order that as much 
heat as poHible might be generated Secondly, to caufc the 
flame and hot vaponr, which rife from the fire, to come in 
conlad with the lime- Hone by a very large furface, in order 
to economize the heat, and prevent ita going off into tlie at- 
mofphere ; which was done by making the body of the kiln 
in the form of a hollow truncated cone, and very high in 
proportion to its diameter ; and liy filling it quite up to the 
top with lime-ftoue, the fire being made to enter near the 
bottom of the cone. 

“ Thirdly, to make tlie procefs of burning lime per- 
petual, in tirder to prevent the waftc of heat which una- 
voidably attends the cooling of the kiln, in emptying and 
filling it, wlien, to perform that operation, it is neceffary to 
put out the lire. 

And, fourllily, to contrive ,nuitters fo, that the lime 
in which the procefs of burning is juft finiftied, and wdiich 
of coiirfe is llill intenfidy hot, may, in cooling, be made to 
give off Its heat in fuch a manner, as to aftlll in heating the 
rrefti quantity of cold lime-ftoue with which the kiln is re- 
plenilhed, as often as a portion of lime is taken out of it. 

To effedf unte thefe purpofes, the fuel is not mixed w'ith 
the lime-ltone, but is burned in a clofe fire-place, which 
opens into one fide of the kiln, foine diftance above the bot- 
tom of it. For large lime-kilns on thefe principles, there 
may be feveral lir^-placcs all opening into the fame cone, and 
fituated on different Tides of it; which fire-places maybe 
conllrudted and regulated like the fire-places of the furnaces 
ufed for burning porcelain. 

“At the bottom of the kiln there is a door, which is 
occafii'.nally opened to take out the lime. 

“ When, ill confequence of a portion of lime being 
dra^wn gut of tlie kiln, its contents fettle down or fvtbfide, 



212 

the empty fpace in the upper part of the kiln, which is oc- 
cafioned by this fubt ration of the burned lime, is immedi- 
ately filled up with frefh lime-ftone. 

“ As foon as a portion of lime is taken away, the door 
by which it is removed muft be immediately fhut, and the 
joinings well cluftd with moifi clay, to prevent a draft of 
cold air through tiie kiln, A fmall opening, however, muft 
be left, for reafons which are explained below. 

As the fire enters tile kiln at fome diftance from the 
bottom of it, and as the flame rifes as foon as it comes into 
this cavity, the lower part of the kiln (that below the level 
of the bottom of the fire-place) is occupied by lime already 
burned ; and as this lime is intenfely hot, when, on a por- 
tion of lime from below being removed, it defeends into this 
part of the kiln, and as the air in the kiln, to which it com- 
municates its heat, muft arife up^Ka^d8 in confequence of its 
being heated, and pafs off through the top of the kiln, this 
lime, in cooling, is by this contrivance made to aflift in 
heating the frelh portion of cold limc-ftone, with which the 
kiln is charjjfd. To facilitate this communication of heat 
from the red-hot lime juft burned to the lime-ftone above in 
the upjper part of the kiln, a gentle draft of air through the 
kiln, from the bottom to the top of it, muft be eftablilhed, 
by leaving an opening in the door below, by which the cold 
air from without may be fuffered to enter the kiln. This 
opening (which (hculd be furniflied with fome kind of a 
rej^ifler) mull be very fmall, otherwife it will occafion too 
ftrong a draft of cold air into ti c kiln, and do more harm 
than good ; and it will probably be found bell to clofe it en- 
tirely, after the lirnc in the lower part of the kiln has parted 
with a certain proportion of its heat.” 

The height of the kiln, wdiich is reprefented in Plate (Kiln) 
yfrricultnreiji^, i . is on a fcale of i j feet: its internal diameter 
bel(AV, two feet ; and above, nine inches. In order more 
eftetlually to confine the heat, its w^alls, which are of brick, 
and very tliin, are double, and the cavity between them is 
filled with dry w’ood-aflies. To give greater ilrength to the 
fabric, thefe two walls are connet^ed in different places by 
liorizoutal layers of brick, which unite them firmly ; a is 
the opening by w’hich the fuel is put into the fire-place : 
through this opening the air defeends which feeds the fire. 
The hre^lace is reprefented nearly full of coals, and the 
flame pami’g off laterally into the cavity of the kiln, by an 
opening made for that purpofe at the bottom of the fire- 
place. The opening above, by which the fuel is introduced 
into the fire-place, is covered by a plate of iron, moveable 
on hinges ; which plate, by being lifted up more or lefs by 
means of a chain, ferves as a regiller for regulating the fire. 
A feflion of this plate, and of the chain by which it is fup- 
ported, are fliewn in the figure: b is an opening in the 
front wall of the fire-place, which ferves occafionally for 
cleanfing out the fire-pKice, and the opening by which the 
flame palTes from the fire-place into the kiln. This open- 
ing, which mull never be quite clofed, ferves likewife for 
admitting a fmall q^iiantity of air to pafs horizontally into 
the fire-place. A Imall proportion of air, admitted in this 
manner, has been found to be ufeful and even neceffary in 
fire-places, in which, iu order to confume the fmoke, the 
flame is made to defccud. Several fmall holes for this pur- 
pofe, fitted with couica) ftoppers, may be made in different 
parts of the front wall of the fire-place. 

The bottom of the fire-place is a grate conftru£lcd of 
bricks placed edgeways, and under this grate there is an afti- 
pit ; but as no air muft be permitted lo pafs )*p through 
this grate into the fire-place, the afti-pit door, r, is kept 
conlfantly clofed, being only opened occafionally to remove 
the aihes : 4 / is the opening by which the lime is taken out 
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of the kiln ; which opening mull be kept well clofed, in 
order to prevent a draught of cold air through the kiln. 
As only as much lime mull be removed at once as is con- 
tained in that part of the kiln which lies below the level of 
the bottom of the fire-place, to be able to afeertain when 
the proper quantity is taken away, the lime, as it comes out 
of the kiln, may be diredled into a pit funk into the ground 
in front of the opening by w'hich the lime is removed ; this 
pit being made of a proper fize to ferve as a meaforc for it. 
And while the lime is removing from the bottom of the 
kiln, frelh lime-ftone Ihould be put into it above ; and dur- 
ing this operation, the fire may be damped by clofing the 
top of the fire-place wuth its iron-plate. Should it be found 
neceffary, the fire, and the diftribution of the heat may, 
in burning the lime, be further regulated by clofing more 
or lefs the opening at the top of the lime-Kiln with a flat 
piece of lire-ftone, or a plate of caft-iron. The double 
walls of the kiln, and the void fpace between them, as alfo 
the horizontal layers of bricks by which they arc united, 
are clearly and diftindlly expreffed in the figure in the 
plates. 

This method of conftru£ling lime-kilns, though ingenious* 
and philofophical, is probably much too cxpenfive for ge- 
neral ufe. 

It is a common praftice to bum lime-ftone with furze in 
fome places. The kilns which are made ufe of in thefe cafes 
are commonly known by the denomination of Jlame-hilns^ 
and are built of brick ; the walls from four to five feet 
thick, when they are not fupported by a bank or mound of 
.earth. The infide is nearly fquare, being twelve feet by 
thirteen, and eleven or twelve feet high. In the front w'all 
there are three arches, each about one foot ten inches wide, 
by three feet nine inches in height. When the kiln is to be 
filled, three arches are formed of the largeft pieces of lime- 
ftone, the whole breadth of the kiln, and oppofite to the 
arches in the front wall. When thefe arches are formed, the 
lime-ftone is thrown promifeuoufly into the kiln to the 
height of feven or eight feet, over which are frequently laid 
fifteen or twenty thoufand bricks, which are burned at the 
fame time with the lime ftone. When the filling of the kiln 
is completed, the three arches in the front wall are filled up 
with bricks almoft to the top, room being left in each fuffi- 
cient only for putting in the furze, which is done in fmall 
quantities, the obje(5 being to keep up a conftant and re- 
gular flame. In the fpace of thirty-fix or forty hours, the 
whole lime- (lone, about one hundred and twenty, or one hun- 
dred and thirty qu-irtcrs, together with the fifteen or twenty 
thoufand bricks, are thoroughly calcined. Kilns conllrudtcd 
in this way may be feen near Wellingborough, in North- 
amptonfhirc, and other places in the northern parts of the 
kingdom. And in many of the northern counties of Scot- 
land, w'hich are fituated at a great diftance from coal, it is 
alfo a common practice to burn lime-ftone with peat } and, 
confidering the rude ill-con ft ru£led kilns which arc ufed for 
he purpofe, it is aftonifliing with what fuccefs the operations 
are perforined. In fome of thefe diftrifls, it is ftated that 
lime-ftone is fufficiently calcined with peats, laid Jlratum 
fuper Jlratvm^ in kilns formed of turf j but, .owing to the 
quantity of afhes which fall from the peat, the quality of 
the lime is confiderably injured ; and from the opcm and 
expofed fitudtion of many of thefe kilns, the wafte of fuel 
is immenfe. But the mod common method of burning 
lime-ftone with peat, is in kilns conftrudled fomewhat fimilar 
to thofe in the diftrifts where furze is ufed as tl»e only fuel. 
There are •in general only two arches, or fire-places, and the 
peats are thrown into the bottom of thefe archse, the fronts 
of wtiich .areieidom clofed up, by which means the wind has 
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<dften great influence in retarding the operatioq» end fre- 
-ouently prevents the complete calcination of the lime-ftone. 
An improvement might, it is fuppofed, be made on thefe 
kilns at a very trifliiig cxpence ; it an iron grate were laid 
acrofs the bottom of the arch, with a place below for the 
aihes to fall down, and the front of the arch clofed up by a 
door made of caft-metal, one-third of the fuel might be 
faved, and the operation performed in a fhorter time, and 
with a much greater certainty, than by the method now 
pradifed in fuen kilns. 

In the Communications to the Board of Agriculture, 
Mr* Rawfen aflerts, that he has produced a condderable 
faving in the burning of lime, by conflruding his kiln in the 
manner (hewn at Jig. a. “It is made twenty feet in height ; 
at the bottom a metal plate is placed one foot in height, 
intended to give air to the fire } over this plate the (hovel 
that draws the lime runs. The (loped (ides are fix feet in 
iieight, the breadth at the top of the (lope is eight feet, the 
^des are carried up perpendicular fourteen feet, fo as that 
every part of the infide, for fourteen feet, to the mouth, is 
exactly of the fame dimenfions. On the mouth of the kiln 
a cap 18 placed, built of long (tones, and expeditioufly con- 
traded, about feven or eight feet high. In the building of 
the cap, on one fide of the (lope, the mafon is over the 
centre of the kiln, fo that any thing dropping down will 
fall perpendicularly to the eye beneath. He is here to 
place an iron door of eighteen inches fquare, and the re- 
mainder of the building of the cap is to be carried up, 
until the hole at the top be contraded to fourteen inches. 
The kiln is to be fed through the iron door, and when 
filled, the door clofe (hut. The outfide wall muft be three 
feet at the bottom to batter up to two feet at top, and 
made at fuch a di (lance from the infide wall of the kiln, 
that two^ feet of yellow clay may be well packed in be- 
tween the walls, as every kiln built without this precaution 
will certainly fplit, and the (Irength of the fire he thereby 
exhaufted. At eight feet high from the eye of the kiln, 
two flues (hould be carried through the front wall, through 
the packed clay, and to the oppofite (ides of the kila, to 

f ive power to the fire.” It is obferved, that with this 
iln, he has produced one-third more lime from a given 
quantity of fuel; and (tones of bad quality will be here 
reduced into powder, and may be put into the kiln without 
the ncceflity of being broken fo fmall as is ufiial. As many 
fituations will not admit of building a kiln twenty fset high, 
while other fituations may allow ot its being built tlurty or 
even forty feet (for it cannot be made too nigh), the dia- 
meter of the kiln (hould be proportioned to the height to 
which it is carried up. 

And it is further dated, as another application of this 
fort of contrivance, that “for feveral years he lies made 
ufe of a fmall kiln in an outfide kitchen, the height nine feet, 
the diameter three feet and a half. In the fide of the kiln 
next the fire, he had three fquare boilers placed, one of them 
large, containing half a barrel, with a cock, which fupplied 
the family with conflant boiling water ; for the two others, 
lie had tin velTels made to fit the infide with clofe covers, 
in which meat and vegetables with water were placed and 
ut into the two fmalfer boilers, which never had any water, 
ut had clofe covers. The tin boilers were heated fooner 
than on the ftrongeft fire, and when the meat, dec. were 
fufliciently JreiTed, the whole was taken out of the metal 
boilers. At one fide he had an oven placed for roading and 
boiling meat ; the bottom was metal of tweitty-fix inches 
diameter, and one inch and a half thick, a flue from the 
fire went underneath. Even with the bottom of the oven, 
II grating nine iuebes fquare was placed, which opened a 
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communication between the oven and the hot fire of the 
kiln. The height of the oven was fourteen inches, (hut 
clofe by a metal door of eighteen inches fquare, and the 
top, level with the mouth of the kiln, was covered by an- 
other metal plate of half an inch thick, on which was 
laced a fecond oven ; the heat which efcaped through the 
alf-inch plate, though not near the fire, was fufiicient to 
do all fmdl puddings, pies, breakfad-cakes, 8 cc. dec. The 
meat in the large oven was placed on an iron frame which 
turned on a pivot and dood on a dripping-pan, and was 
turned by the cook each half hour. And over the kiln he 
had a tiled dage for drying corn, and a chimney at one (ide, 
with a cawl on the top, which carried off all deam and 
fulphur : a large granary was attached to the building. It 
is added, that the lime, if fold, would more than pay for 
fuel and attendance ; and he has frequently had dinner 
dred for fifty men, without interfering with nis family bu- 
finefs in any great degree. 

There is another form of lime-kiln, which anfwcrs ex- 
tremely well for general ufe, reprefen tad at Jig, 3. in the 
fame plate. This is capable of being built without any very 
condderable expence. 

It has been found, by experience, in fome of the northern 
didridls, that lime-kilns are rendered much lefs liable to crack 
and burd by having the outfide walls carried up in a fquare 
manner, than on the ufual circular plan* 

Kiln, Malu a fort of kiln contrived for the purpofe of 
drying malt or any kind of grain upon. In the cond ruc- 
tion of kilns of this fort many improvements have lately 
been made. A defeription of a kiln of this kind by Mr. 
Pepper, of Newcadle-iinder-Line, has been given, in which 
Af* 4* is the ground plan, fuppofed to be twenty feet fquare, 
but, if required larger or fmaller, by following the fame 
proportion, it may be made to any fize or fituation. The 
dark (haded walls rife four feet high, to put the refledtor 
upon over the fire, and alfo what the fide arches dand upon, 
the brick piers, that carry the fpark-done, and bearers 
that the tiles lie upon* Letter a, the fire-grate, which lies 
nine inches below the bottom edge of the refleftor ; 
bottom edge of the reflector ; c , r , r, r, brick pillars nine 
inches fquare, that carry the fpark-done ; brick 

pillars nine inches fquare, that carry the bearers for the 
floor tiles to lie upon ; (hews the bottom df the fide arches 
on each fide of the kiln ; /, exhibits the fpace between the 
fire-place and the fide arches, for the man to go round to 
clean the kiln ; g^ the wall on each fide of the kiln, that 
the fide arches dand upon. Fig, 5. is a feAion of it ; 

(hews the feflion of the wall which the fide arches dand 
upon ; A, the door to go to the fire-place ; 1, the refledor 
of cad iron that covers the fire ; i, fmall door in tlie re- 
flector to feed the fire ; /, /, the ears of the refleCtor that 
the iron pipes are fitted upon, which convey the fmoke, flee, 
from the *«fle^or round the kiln, to the chimney ; m, what 
is commonly called the fpark-done ; it prevents tlie kiln 
from being too hot in the middle, and aflids in fpreading 
the heat to the outfides ; n, bearers of cad-iron or wood, 
that carry the kiln floor ; 0, e, (hew the ends of the ribs 
that carry the tiles ; p, the kiln tiles, that <he malt lies 
upon ; y, the fteam-pipe that conveys the deam from the 
malt ; r, c, brick pillars nine inches fquare, that carry the 
fpark-done; dfdt brick pillars nine inches fquare, that 
carry the bearers for the floor tiles to lie upon ; e, r, (hew 
the arches on each fide the kiln ; u ii, denotes the fituation 
of the pipes under the floor. And^. is a plan of the 
kiln floor, and (hews the ribs that the kfln-tiles lie upon ; 

Of Of the cad iron or wood nbs that the tiles lie u^n ; 0,11, 
the bearers that carry the ribs ; df df the tops of the brick 
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pillars that carry the bearers, 6cc. ; h the refleftor that 
covers the fire, which is of caft iron, about an inch thick, 
hollow, and on a femicircular plan, as (hewn in the figures ; 
r,r, the iron pipes that convey the fmoke and heat from 
refleftor, round the kiln, to the chimney, which lies about 
three feet under the kiln floor, and about the fame diltance 
from the fide walls, which are fupported by iron flays from 
the fide arches ; f, ft the ends of the iron pipes that go into 
the chimney ; /, /, regifters to regulate the draught and heat 
of the kiln ; and 7. is a fe£lion of the chimney. 

It is noticed that in the plate the pillars, bearers, &c. that 
belong to the fame thing, are marked with the fame letters 
in all the different figures. 

Another ki^n of tlie fame fort, invented by Mr. Jofeph 
Coppingtr, of Harbour View, near Cove, Ireland, is re- 
prefer led at 8. 'rhis is dated to be particularly adapted 
to the ufe of furmcrs, who, in wet feafons, often lofc quan- 
tities of grain for want of fuch convenience. The advan- 
tages it appears to pofTefs above the kilns now in common 
life, are many ; fird, it may be erciled for one-tenth of the 
cxpcncc, if the value of ilio feparate buildings be taken in, 
which are row almofl invariably rdlotted for this purpofe ; 
fecondly, any kind cjf fuel may be ufed without prejudice 
to the malt or corn to be dried in it : thirdly, the heat (by 
the condru6^ion of the flues) will be more regularly and 
evenly dillnbuted without any wade, as at prefent : fourthly, 
the health of the people attending, will not, as at prefent, 
be expofed to certain injury, by always breathing and deep- 
ing jn a heated and unwbolefoine atmofphere, as their beds 
will be placed in a died on the outlide of the building. 
This, in his mind, is the mod important part of tbe plan, and 
highly wortliy the attention of every humane and condder- 
ate employer in this way : fifthly, this condruttion of a 
kiln may be erefled on a loft or ground floor. If in the 
latter fit nation, fudicient elevation (hoiild be given to the 
fire-place, fo as not to impede the draught. Tliefc are the 
principal advantages that occur to the writer. If the ex- 
perience of others confirm them, he will be highly gratified : 

the main walls ; by the flues ; r, the chimnies ; in each of 
which may be placed a metal damper to regulate the heat. 
It is recocn mended, in the cafe of a new building, to carry 
up the flues of the chimnies in the thickncis o? the walls. 
In a houfe already built, they may be carried up either in- 
fjde or out fide the building ; d, the fire-place, whicli may be 
divided, or in one, jull as defired, by which the half or the 
whole may be heated, as is mod convenient. 

It is dated that kiln tiles eighteen inches fquare, and two 
inches thick in the folid, with a lapping of half an inch 
broad and one inch deep round the edge of eacli tile, are 
propofed for covering the flues, which, if fairly cad, may 
inlaid dry, without mortar. If it fhould be difficult, or 
too expenfive, to procure tiles of eighteen inches, nine 
inches can be made to anfwer. The flues arc propofed to 
be divided by a brick, on edee, fo as that every eighteen-inch 
tile will cover two flues. The breadth of the flues may he 
fix inches and a half, and ten inches high. This proporti-/n, 
it is hoped, will be found to anfwer in mod cafes ; but it 
may be varied according to the better j^udgmeiu of the party 
eredling. The fides and bottoms oi the flues fhould be 
plaflcred. The platform of this kiln fhould, in all cafes, be 
well rammed with earth, aud made pcrfe^lly level before lay- 
ing out the flues. Iron grate-doors are intended to be hung 
on hirigec, in a recefjf, at the mouth of each flue, to pre- 
vent them, being choked with large pieces of cinder, or other 
fubltunces, It is alfo intended trial thefe doors fhould fhut 
and open at pleafure, as may be found neceflary in carrying 
on the bufmefs. 


KILN 

Kiln 7i/er, in Rural Ec^mmxy the name of that fort oy 
tiles which are employed in malt and other fimilar forts of 
kilns. 

Kiln for tin-ore. The place where the tin-ore is roaded 
in order to burn away the mundic, and other fulphureous 
matters that are mixed with it, is called the tm-ki/n* This is 
of a very plain drudlure ; its hearth or floor is rnad^ of one 
large done, and this is covered with another, fupported at 
fix inches height above it. The uppermod has a hole in the 
middle^ through which the ore is poured on the under one ; 
and when it is didributed over it in a bed of three or foui 
inches thick, it is burnt by means of a fire of furze bulln s 
kept underneath, and communicating w'ith the fpace between 
the two dones by an aperture behind ; the lower done noi 
reaching the wall by fix inches. 

When the fulphur is all burnt aw^ay by the fire, and tlir 
dame is no longer blue, the whole bed of roafled ore is tlirud 
off the done by the nike into the aperture behind, through 
which it fiills into the open fire. The fire is kept up wiik 
new bufhes, and there is a new bed of ore thrown in at th** 
hole above. Thus the fire is kept iqi day and night, and lup- 
plies of frefli ore made through the hole by file black tin 
brought from the buddies of wafliing troughs. When the 
lower part of the furnace is fided up with the ore thrown 
into it, there is a hole behind the kiln, through which this 
ore, and the coals and afhes, are all raked out together’, and 
left in the open air to cool ; and the whole tiiafs thus raked 
out, will fometimes be feveral days in cooling, the mixture 
of coals among it keeping it red-hot for a confidcrable time. 
When it is taken away from behind the furnace, it is walhe<l 
again before it is put into the medting furnace. It is ob- 
ferved, tliat the different ores require for this lad operation a 
different proportion, and different fort of fuel. Tlie moor, 
tin, that is, fuch ore as is dug up in the moory coiniiries, 
melts bed with moor- charcoal charred ; but that dug on the 
lulls is found to run bed with a mixture of charcoal and peat 
in equal quantities. The Hones ufed for the kilns are aluayb 
moor-done. Phil. Tranf, N^’ 69. 

lCiLX,in ShipBuihliifgyix convenience for boiling or dearriuq 
planks to make them pliable. A boiler-kiln is either made 
of (beet -copper, bottom and fides rivet tcil together, or the 
bottom of fheet-co])pcr and tlie fides of lead, rivritcd and 
foldered together. This is fixed in a body cf brick-woik, 
and under each end, or in the middle, are fnrnaces to cauie 
the water to boil after the planks are in. The upper part, 
to preferve the deam and fauliiate the boiling, is inclofcd 
by diuttcrs, opening by hinges and fmull tackles. 

Dimenftons of a Copper Boiler 


feet, in. 

Long - - - . ' 40 0 

Broad at the ends - - 4 3 

middle - 60 

Deep 210 


And weighed 53ewt. 3d. 141b.. 

A deam-kiln is a trunk conipofed of drills grooved «'uul 
tongued together edgeways, and is from three to lour Feet 
fquare, and from 40 to 60 feet long, and has a door at 
each end. It is confined together bv bolts driven through 
the fides at certain didances, which anfwer the purpofe 
of bearers, whereon the planks red while ileaming. It i» 
fupported, about four foct above the ground, upon a drong 
framing of wood. Underneath it, in the middle, is fixed, in 
brick-work, a large copper or iron boiler, or, vihich i*' 
better, one towards each end ; the fleam from the boilers, 
ifluing into the trunk wherein it is confined, enters into tlif 
pores of the plank, and render? it very pliabk. 



Laboratory 


LABORATORY is a place furnilhed with chemical 
apparatus, and entirely devoted to the different operations 
of chemiftry, wlieiher on the fcale of chemical manufafture, 
or for the purpofe of experimental refearch. In the piefcnt 
article, however, we (hall confine ourfclvcs to the latter, 
fince it is more proper to deferibe the apparatus ufed in the 
large way under the manufafturc of the refpe6i[ive articles. 
Although many of the moft diilinguiftied labourers in che- 
mical fcience have been content witn fuch apparatus as they 
have made themfelves, or converted from the common do- 
irvcftic utenfih; it mull, neverthelefs, be obvious, that they 
would have fucceeded better with well contrived and appro- 
priate apparatus, and their refearches would, in all proba- 
bility, have been much more extended. 

Every chemical experimenter will find a confiderable ad- 
vantage in fo much mechanical talent, as will enable him to 
make, or repair at leall, the moll common of his apparatus. 
For this purpofe he Ihould poflefs a fet of mechanical tools, 
fuch as a lathe and vice, with files and rafps for metal and 
wood. The tools for making ferews, as well in the lathe as 
by the fcnw-plate and tapsi will alfo be necelTary, To 
thefe Ihould be added a fmall forge, anvil, and hamndcr, for 
the purpofe of forging fmall articles, A fet of braziar’s 
and tinnian^s tools will be found very ufeful, and a liltle 
experience will enable the operator to make any artiefc of 
tin or copper, which is not very complicated. In addition 
to the above, the glafa-blower’s lamp and bellows will be of 
effential fervice for fealing and bending glafs tubes, and other 
piirpofcs. 

Some of thefe may appear unncceffary, efpecially in large 
towns, where the different artifts may be found, but it wiU be 
ftrongly in the recolleftion of all who have had occafion to pt 
apparatus made, that they can ftldom get them conftruded to 
their wilh, altliongh they ft and by the artift. The w|nt of 
proper tools, and a little mechanical dexterity, have fre^ 
quently prevented or put an end to experimental invefliga- 
tioas of confiderable importance. Independent of the aparU 
ment containing the mechanical apparatus, the chemift will 
require at lean one dillindt room for a laboratory. Two 
rooms, however, Ihould be employed when it is convenient* 
The principal room of the laboratory Ihould be on a ground 
floor, for levcral rcafons. A furnace for great heat Ihould 
be in a low room, in order to have the greateft length of 
chimney. The alh-pit of this furnace Ihould terminate in a 
cellar under the laboratory, in order that the air may enter 

P erpendicularly, and of the loweft pofilble temperature. See 
URN ACE. 

That fide of the laboratory allotted for furnaces Ihould 
have an arch prme&ing into the room about three or four 
feet, and of fuch height tliat a perfon may freely walk under 


it. In the higlieft part of this arched portion mull be an 
opetiitig into a chimney dillin£t from the reft, and built up 
ill the fame Hut k. 

It will be found more convenient to ufe portable furnacea 
for molt purpofes, having none fixed but for producing very 
great heats, upon a larger fcale, and what are generally dc- 
noinlrmted melting furnaces. 

The iron cliiinncy of the portable air-furnace may be car- 
ried to any height, and placed under or within the chimney, 
ufed for the el'cape of fmoke and vapours. 

A chimney with a funnel may, in the fame way, be placed 
over the mouth of the portable blaft furnace, invented by 
Mr. Aikin. This furnace may be fo contrived that when 
the body of it is removed, the bafe may form a forge hearth, 
which w'ill be found very ufeful. For the varieties of fur- 
naces ufed in the laboratory, fee Fojinace, 

On another fide of the laboratory mud be placed a Hone 
trough or fink, joined to a tub or cillcrn of water, wliicli can 
be Idled and emptied at pleafure, by means cvf:a ftop*cock. 
over it, and a plug in the bottom. Over the link-llonc 
llioiild be fufpended a rack for holding bottles and glafles 
to drain after wafhing. On the fame lide may be placed a 
large block of wood or Hone, for. tlie purpofe of holding a 
mortar or anvil occafionally.. 

A third fide of this room mull be occupied by cupboards 
and Ihelves, for holding the different apparatus of glafs and 
earthen ware, and for the different fubltances hereaUer.to be 
mentioned.. 

The fourth fide, which lliould be the lightefl, mull be 
provided with a table the whole length of this fide, in the 
front of whi^ h, dowm to the floor, fhould be a number of 
drawers for holding all the dry fubftances. This table is 
for making the experiments upon, and fur holdihg the appa^ 
ratus in ule at any lime. . 

If poffible, every laboratory flioald be joined to a fccond 
room, however fmall it may be, in which to perform the very 
nice and delicate experiments, and for keeping a few books, 
and choice initniments of metal, fuch as balances, &c. 
This room lliould be kept very clean and dry, and as free as 
pofliblc from tteam and the fumes of acids.. 

If any part of the furniture require to be painted^ the 
paint Ihould be made wilh Ailphat of lead, fince it is not afted 
upon by arids. This fubilance has been ufed by Dr. Henry 
not only for this purpofe but for repairing broken glafs and 
labelling bottles. The following are the moft particular ap- 
paratus with which a laboratory Ihould be furmlhe^. 

Moriaru — Thefe are of various kinds, caft-iron, .bronze^ 
Heel, and Wedgewood ware. The call-iron mortar is gene- 
rally ufed for vegetable fubftancei, and fuch as are not liable 
to grind off the iroiv The hardnefi of tbii isftruoient it 
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much increa fed bycaflinpj the interior furface upon a metal inftead of the rack, which ia performed by turning the 
mouldi of the j^rcater weight the better. chimney round. 

The hardnefs of the bronze mortar, which is efcneraUy The funnel-fliapcd ring D is an improvement upon the com- 
ufed for the fame purpofes, may be increafed by the fame mon ring ufed for fupporting the retort. It confidB of a 
means. number of conical hoops, one fitting upon the other, fo as 

The fled mortar is ufed for reducing very hard minerals to hold different lized retorts. The fmalleft lioop is about 
into fmall bits, fitted for grinding in the mortar of agate, two inches in diameter, and the largell, which is attached to 
It confiils of a cyliadrr of hardenc^d ftcel, with a flat bottom, the Aiding part, about five inches. The conical furfac^' 
and a pedlc of the fame made to fit the mortar, accurately, direfts the heat to the retort, which on the common 
from top to bottom. It is ufed by putting the pieces of the only ferves to annoy the lingers and face of the opt ratur, 
mineral into it, and {Inking the peillc with a hammer. By and at the fame time heats the neck of the retort, whore 
this meatus it can l>e n duccvl into tolerably fmall parlictcs, the condenfation of the vapour fliould lake place: y* is a rc- 
without grinding off any porti.m of mortar. tort fupported by the ring : ^is a (lider, having tw'o prorgs at 

Hardened f vel mortars of the common Aiape would be of p to keep the retort from falling fideways : E is a receiver 
great ufe, but it would be difficuk to harden fo large a mafs to receive the contents of the retort, w’hich may be either 
without cracking. It might perhaps be made by welding ufed alone, or with Woulfe's bottles o, r, nerjafter to 
a plate of call fled upon a thick piece of iron, and afterwards be deferibed. G is a iland, with three inclined prongs of 
working it ink) the required Aidpe, and poliihing it in the in- wood to fupport receivers of different fizes, and which 
fide. If the fiibllance is not very particular, it may be may be placed at diflfere.it elevations by means of the 
ground in a mortar of WedgewMod ware If, on the con- ferew «. 

friary, it be very hard, the matter from the mortar will be Retort. — Fig. 2. This is a chemical utenfil of very ancient 
liable to be miscd with the powder. In this cafe the agate origin, and is the moA Ample apparatus for dillillatiou 
mortar is much to be preferred ; feme Aoncs arc^ how^ever, fo Retorts are- of glafs, eartlien-ware, and nie*^al. Thofe of 
hard as to upon the agate. In this iiiAance, the matter glafs are fometimes of green glafs, particularly when fuch 
to be ground Ihould be weighed before and after grinding, heat is employed in the naked Are, as might foftcii the more 
and the increafe of weight may be fafely deemed lilex, and fufible white glafs. Thofe of flint-gbfs Ihould be as thin as 
allowed for in the analylis accordingly. poAible, in order to avoid breaking by an unequal expanfion. 

Bahmce. — This inllrumeut is of great importance to the When the retort is provided with a glafs Aopper, as at u, it 
nuilytical cliemiA, and ought to weigh xoo grains to the is faid to be tubulated. 

th of a grain. A very niaAerly account oi the principles I'his appendage is neceffary only, when fome fluid, fuch as 
and coiiAruction of the balance v/dl be found under the ar- an acid, has frequently to be added, or when it would be 
tide Balance. difficult to get the materials into the mouth of the retort. 

It will be almoA unneceffary to obferve, that fo delicate an In order to add any fluid fronj time to time while the procefs 
inArument fliould be kept in a feparate apartment from the, is going on, the veliel (fg, 3 ) called an acid holder is made 
laboratory where fumes of acids do not prevail. It fhould to At in the place of the Itopper of the retort, the part d be- 
be clofcly Aiut up in a glafs cafe having a Aiding door in ing ground to At the fame. The acid is put into this vcffel, 
the front. The Arings to which the fcales are fufpended, and let into the retort, by a little .at once, through the glafs 
ihould be of Anc gold or Alver cord, and the fcales of filvcr ilop-cock c. 

orplatina, and very thin. One of the fcales fliould be pro- When the retort is ufed for purpofes of diAillation, the 
vided with a loofe pan of very thin platina, and balanced neck is Atted or luted into the neck of the receiver ^Jig. 4 ) 
with the other, for the purpofe of holding the fubllance to This receiver is ufed for the diAillation of liquids, the va- 
be weighed. The weights for chemical fubAances Aiould be pours of which are eafily condeniible, fuch as water or al- 
reckoned in, and marked with grains and decimals of cohol. When the vapours, coming over, are accompanied 
grains. with elaAic fluids, which are incoudenfible, the receiver 

Lamp. — ^This valuable inArument is a very great improve- [fg» $•) better adapted. If the elaAic fluid be of no 
xnent upon the fand-bath. Its heat is regular, and may, by importance, and inoff'enfive, it may efcape at the conical 
means of the concentric wick, be made of fuffjcient intenfity ftopper of the latter veflel every time the preffure is fulficient 
for moA purpofes. Its greatell advantage, however, confiAs toraife it. It is, howevei’, fometimes neceffary to colledt the 
in the facility with which it can be applied or withdrawn with- gafeous fluid. In this cafe the bended tube (fg. 6.) is t 
out lofs of time. See Lamp. into the place of the ftopper (fg. 5.), the other end termu. i- 

For nice and delicate purpofes, where the heat of the lamp ing in a pneumatic apparatus where the gas is colledled. In 
is required, alcoliol, inftead of oil, gives an intenfe and fteady the diftillation of very volatile liquids, fuch as ether, i is 
heat, and is not very expenflve when a proper veffel is ufed fometimes neceffary to remove the receiver to a diftai.ee fr m 
for burning it. The latter kind of lamp is particularly the retort, by placing between them an intermediate veffel, 
adapted for a public le^ure. (Jig. 7 .) called an adopter. The receiver (Jig. 8.) is em- 

Fig. I. F/auXVI Chemiflryf is a ftand fupporting the ployed for colleding the produdi of different degrees of 
lamp, and at the fame time the fubftance to be heated, and the ftrength by the application of the bottle h. 
conne£ling apparatus A B is a frame of wood. Fa pillar of In the diftillation of fubftances, which require a greater 
wood or iron, fmooth and cylindrical throughout, fo as to heat than glafs will (lear, earthen retorts are employed, 
admit of the Aiding rings, fuch as g^ to move freely without They are of the fame fliape with thofe already dekribed, 
(baking. C is the Argand lamp, having a chimney at 0 of iron, and fhould be made of the materials with which crucibles are 
This chimney conAfts of two concent) ic tubes, conne^ed made. This fort, of retort is generally ufed for the diftillation 
together by fmall wedges of baked clay, or fome other of phofphonis. If its texture be not clofe, the phofphorus 
incorabiiftible fubftance which is a bad coHdu6Wr of heat, will cfcapc in vapours through the pores. This, however, 
Tills contrivance not only economizes the heat, but keeps may be prevented by covering the furface with fome 
the outer tube fo cool, tliat it may be taken bold of with glazing material. Iron retorts, from their great firmnefs, are 
Cbe fingers. In this lamp the wick is riufcd by tlic ferew, well adapted for diflilling fuch fubftances as will have no 
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^>icmlcal a£lbn upon thcm> Hence tKey are unfit for dif- 
tilling iulphur, pliofphorus, and acids, but are extremely 

a *^:r for ammonia, mercury, and pitcoal* A retort of 
is ufed for the difiillation of fluoric acid, owing to 
that acid combining with the filex of glafs. 

IVoulft't Apparatus . the diftillation of fubflances 
which arc merely to be raifed into vapour by heat and con- 
dcnfed by cold, the retort, or dill, with the receiver and 
the proper means of producing cold, are the only apparatus 
neceflary. There is another diftind branch of dill illation, 
in which the product is a gas, which is incondenl'ible at 
the common temperature, and requires to be abforbed by 
water, or by fome other fubftance difFolved in that liquid. 
In thefc proccfTcs, therefore, the temperature and fiae of 
the rec' iving vcffcls arc not of fo much importance as 
tlie expofure of the gafeous produft to the greatefl poflible 
quantity of the abforbing liquid. Before the difeovery of 
this moil ufeful apparatus by Mr. Woulfe, from whom it 
takes its name, the common retort and receiver were ufed for 
all purpofes. The elailic fluids were in confequence either 
compreiTed, and the operator was conftantly in danger of 
being injured by the buriling of vcflcis, or, to remedy that 
evil, they were fuffered to efcape, and he was perpetually 
annoyed by the fuffocating fumes which were fet at liberty. 

In 1. the retort contains the materials for furnim- 
ing the elailic fluid to be abforbed by fome liquid con- 
tuincd ill the receiver E, and the fucceeding bottles 
S, Cf v\ith their conne6ling tubes h, t : v conilitutes 
tlie // oulfe^s apparatus. A certain portion of the gas 
is taken up by tlie liquid in the receiver E. The cxccfs 
p.ifl through the tube r to the bottom of the liquid 
into the fecond receiver, by which another portion of 
ilie g'ls is abforbed. The refidualgas paiTcs along the tube 
t<' I he third receiver, which gives the gas a third chance 
of iibforption. In this way it may be made to pafs 
’lire- ’gh any number )f bottles, according to the greater or 
'efler facility with u hich the gas is abforbed. The fail tube 
•, w hich is provided with a column of mercury, conveys the 
remaining gas, which is prefumed to be unabforbablei into the 
aimofphere, or it imiy be collcAcd by a jar in the pneumatic 
app iratus. When the gas ceafes to be furniftied from the re- 
or' , in a quantity equal to the abforption iu the receiving vef- 
els, a retrograde motion will begin to take place. Atxno- 
ric air will enter at the tube v. The liquid in thelaft re- 
ceiver will be forced by its prclTure into the preceding one, and 
11 the abforption were to become complete, the whole of the 
. iqu’ J would be carried into the lirll receiver, and from thence 
:o the retort. This evil has been very completely removed 
b\ what is called a tube of fafety /, /, a'. 

I. — bulb / contains as much mercury as will be 
contained from ^ to a?, fo that when the gas, from defeftive 
accumulates in E, till its force is equal to the 
I'^rellurc of fuch a column, the excefs of gas will bubble 
' firougli the mercury into the atmofphcrc. On the contrary, 
vhen the abforption of the gas exceeds its evolution, the 
preffmv of the atmofphere, to reflorc the equilibrium, will 
‘life the mercury to occupy the ball /, and common air will 
bblc through it into the velfel E. Although this ingenious 
contrivance compleltly prevents any evil ariling from the 
inequality of internal prelfure, it is very objeclionable, owing 
to its delicate llructure, on which account it U conllaiitly 
liable to be broken. 

We are indebted to Mr. Knight for a great improvement 
on the tube of fafety. This confiils in having a valve of 
glafs, fiuiilar to that of the N noth' s apparatus (deferibed be- 
ww), placed between the fir (I and fecond veflel, fo that the 
liquid in the fucceeding bottle can never have a retrograde 
^T:<jiion. To this valve there is no other objeclFon than the 
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difficulty of getting it made in places diilant from the metro- 
polis, and its liability to be fait, efpecially in making cryf- 
talline falts, fuch as the oxymuriat or carbonat of potafh* 

The fame objeflion which we have made to the tube of 
fafety, we are forry to fay applies to the whole of llic 
Woulfe* s apparatus. Tlie connefting tubes are witli very great 
dilHculty ground into bottles, wliich makes the apparatnn 
very expenfive, and then are fo liable to be broken, as to 
render it frequently ufelefs. 

We have before hinted, that the eflcntial part of fuch an ap- 
paratus, is to expofe the grcateli poflible quantity of the gas 
and the liquid to each other in a given time. In the Woulfe’t 
bottles, this advantage does not obtain in fo great a degree 
as might be effeAed in a Ampler apparatus. We ftiall here 
fubjoin a defeription of an apparatus* of this kind, aiifwcr- 
ing all the purpofes to which the Nooth^s and Woulfe’s ap- 
paratus are feparately applied. Although it has not been 
before made known, it has been ufed wdth great fuccefs 
by the writer of this article, .and will no doubt be found an 
acquifition to the experimental as well as the manufacturing 
chemift. 

Fig. 9. Plate XVII. Chemi/lry, is a reprefentation of 
the apparatus for the abforption of gafes. A is a re- 
tort from whence the gas is furnifhed, conncCtcd with 
the fir ft bottle B, which contains the liquid to be im- 
pregnated, and into which the tube a is ground, reaching 
near to the bottom, fo that when the gas enters this 
veflel, the liquid will be raifed into tlie bottle C ; at 
the fame time the tube will be conftantly filled, with the 
exception of the fpace occupied by bubbles of gas pafT- 
ing through it* If the gas is not all abforbed during its 
pafTdge through this tube, the cxcefs will pafs down the tube 
h into the bottle D, which alfo contains the abforbent liquid. 
The fame takes place in this bottle which is obferved in that 
of B. The liquid afcetids into the bottle E, the gas fol- 
lowing it as before. The refidual gas, (hould there be any, 
may either be conveyed into another bottle fituatcd like D, 
or may be collcClcd in a pneumatic trough, or efcape through 
the tube of fafety e. 

This apparatus was invented for the purpofe of making 
the oxymuriats of the earths, for which it is admirably 
adapted. The earths which are mixed with the water be- 
ing conftantly at the bottom, if not kept in agitation, the 
abforption is very flow and imperfcC^. In this apparatus 
no agitation is ncceflary. The earth, which is at the bottom 
of the vcflels B and D, is firft raifed into the tubes a and r, 
and becomes as much expofed to the gas as any part of 
the liquid medium. The tubes a and e are each about two 
feet long, but they do not require to be fo long for mod 
experiments of this kind. Their diameter is about i inch, 
fo that in the courfe of about one minute, no lefs than 
about nine ounces are brought in contaCf with the gas, in- 
dependent of the circular furfaces in the bottles. 

In the common iized Woulfe's bottles, the tubes through 
which the gas enters fcldom dip more than three inches into 
the fluid, lo that we may fafely rate the apparatus propofed 
as equal to at leaft eight of Woulfe's bottles. Thefe buttles 
arc the fame wnth thofc of Woulfe’s ; the tubes are much 
limplcr, and being itronger are lefs liable to break. An- 
other great advantage is that of its not requiring a tube of 
fafety. The great mcility with which it can be applied to 
all tile purpokK of the Nooth's apparatus, as well as the 
Woulfe’s, and wiih much more efledl, will be foon appre- 
ciated. U nder the article W oulfe will be found the dctcrip- 
tion of a differently coii ft rubied a2>paratu8« See Plate V* 
Chnnt/lry. 

Nooth*i Apparatus. is reprefented in Jig. lo. 

Plate XV i. It coiilifts of three veflels fitted together br 
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ground joiuingt* it difTers in its ufe from the Woulfe’8» 
in being folely adapted for impregnating water and other 
bodies, with luck gafes as are difengaged from their com- 
binations without heat, fuch as the carbonic acid, and 
fulphuretted hydrogen. The lower veflel A contains the 
fubftance from which the gas is obtained, fuch as car- 
bonat of lime ; the fiilphuric acid being introduced occa- 
iionally at d ; the gas enters the vofTel B through the 
gldfs talve a h* This is magnified 12. The tubes h 

and d aie at firll in one piece and ground into the part a e\ 
the portion c is then cut away, to make room for the hemi- 
fphrrical valve, the under fide of which is ground flat, 
to fit the end of the tube h. The valve, on being raifed 
by th*' gas, inflantly falls and prevents the water from 
defeending into the lower vefTeL The air then enters the 
liquid in B, Jig. 10. through fmall holes to difperfe it as 
much as poflible. When the gas accumulates in 15 , a por- 
tion of the liquid is driven up into the veffcl C, the bubbles 
of air follovvii'ig it tending Hill more to promote the ab- 
forption. The air in C» if not abforbed, will at certain inter- 
vals raife the conical Hopper e* This Hopper (hoeld be fo 
heavy as juft to rife before the veflels would burll, atid 
fhould be fo conical as not to Hick in the leail degree. After 
the liquid is impregnated it is drawn off at the cock D. 

Fig* II. is a Ampler and better apparatus for this purpofc, 
invented by Dr. liamihoii. It is liinpler, bccaufe the 
veffels are fewer, and the valve, which is complicated and liable 
to be fall, is difpenfed with ; and it is better becaule the 
gas comes in contact with more of the liquid in a given time, 
and confequently the abforption is effefted fooner. The 
gas is furniHied by the retort B, ground into the veffel A. 
From the latter the abforbing liquid is raifed into the veffel C, 
till the air bubbles go through it, and if not abforbed paffes 
out at d. This apparatus wants nothing more than a tube 
of greater Iciigtli, for the gas to pafs through, to make it 
complete. 

In comparing the two laft with that of q, the latter 
will be found much fuperior even to that Jig. 11, 

G^Jhtnder and Gas Holder , — The difference between thefe 
two veffels, confills merely in one having the means of mea- 
furing the quantity of gas which it contains at any time, 
and the other not, wliile both are employed as gas holders. 

The gafometer was made a very expenfive and inagnificc*nt 
apparatus by tlie celebrated Lavoilier, at the time he profe- 
cuted liis experiments upon elallie fluids. 'I'his inflrument, 
much Amplified, we ffia'l deferibe in fig. PA^/cXVlI. A 
is a veffel containing w^ater or Amu* other liquid, which will 
not be upon by the gas to be held in it. B is a veffel in- 

verted in the veffei A, and capable of moving up and down 
in it. E and F are cords by which the vefl'el B is fufpended, 
th^ weights and pullies being concealed in the tube C D. 
Fig. 14 is a E-dtion to (hew the interior parts of this appa- 
ratus K L is an interior veffel of the fame fhape, with the 
vefl'el B foldered to the bottom of the veffel A, fo that no 
water or other liquid in A can communicate with the iiiAde 
of it. This is done for the fake of ufing lefs of the liquid 
enqdoyed, which in the mercurial gafometer is very de- 
firable, as well for tlie fake of economy, as making the ap- 
paratus more portable; a is a pipe paffing through the 
middle of the veffel K L, and communicates with the tubes 
0 and I'/. The air is introduced at the Hop-cock /, and paffing 
idong the pipes 0 and raifes the veffel B, which^is counter- 
poifed by the weights r and q, Thefe weiglits are con- 
duded down the middle of the tube C D, by the fmall pullies 
jr X and y y. Tlie tube which, with that of o, is common 
to the tube ay is to let the air out of the gafometer at tbc 
flop cock /, fo that the air paffes through ay both in its 
entry and its exit : gyfg* 139 is a flexible tube, fcrviiig to coa- 
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dud the air to a pneumatic trough for examination, or for 
ufiiig the blowpipe when the veffel contains oxygen. This* 
apparatus is provided with a graduated fcale G, l^’hich tells 
the number of cubic inches contained in it. It is this fcalc 
which conHitutes it a gafometer, without which it would be 
Amply a gas-holder. 

The mercurial gafometer is on the fame plan with the 
above, but the materials muff be unfufceptible of the a£lion 
of the mercury. The veffels are generaffy made of calt- 
ifon. The outer and the Axed inner veffels may be caff in 
one piece. The moveable veffel may be of the fame metal, or 
of glafs. The pipes muH be of wrought iron, and accurately 
ground into the caff iron. Two gafometers with water, 
and one with mercury, will be indi^enfable in experiments 
in gafeoii^ chemillry. 

A very ingenious apparatus, anfw^ering the common pur* 
pofes of gas-holder and gafometer, and in many inflances 
the pneumatic trough, has been invented by Mr, Pepys. 

It confiHs of a tin veffel A, fig. 15, and a pan or tray IV 
connected with it by pillars. The pipe a opens into the middle 
of the tray, and proceeds in a contrary diredion near to the 
iKittom of the veffel A : i> is another pipe which alfo com- 
municates with the tray, and juH enters the veffel A : r / is 
a glafs tube cemented firmly into two brufs fockets, which 
comnmuicate with the top and bottom of the veffel A. This 
tube is graduated, and fhews how higli the water Hands in 
the veffel, and confequently tells the quantity of air con- 
tained in it. The veffel A is ArH filled with water by open- 
ing the cocks a and v, and Ihutting that of w, C being clofed 
at the fame time. The tray is now filled with water, which 
defeends through the tube a into A, vvliile the air in the 
fame efcapes at the opening into the tray, fiom v. When 
the veffel A is full of water, the cuck^ a and n mull be 
clofed, and the plug may be taken out of C. If the vt'llel 
and pipes be air-tight above, no water will bo dtfthargcd 
at C, Ance this pipe is inlcrted at fuch an angle into A, that 
the lowed part of the outer end is higher than the higheil part 
of the inner end. next thing ib tt> All the m flel u ith gat, 

and for this purpofc the neck of a retort, or other tube from 
whicli the gas is to proceed, ffiould be introduc'd at c till it 
paffes the inner end of the fume The gas will life in bubbles 
into the upper part of the VLlhl, while the fame quantity of 
water will run »i'it at tlie pij>e C 1 to an ojien vcdel placed 
under it. Wh«-n the water ceafos to run out, and air-bubbles 
cfcajK* at C. the tube Irom vvhenec the g:ib w'as fiirnifficd 
may be wiihdniwn, and the icrew-plug put in its place. 

In order to tranvler the gas from tins veflll into a jar, the 
tray mull be* filled wit'n water, and alfo the j:ir, which muff; 
then be placed over the aperture from i>. On opening the 
ftop-etx'k -u. th'it of a being previoufly opened, theairvvili 
afeend iMo the jar, wliile the fame quantity of water wull 
defe<*nd into the vt fbl A, to fupply its place. 

This appiiratrs niay be ufed for fevcral other purpofes. 
A bladder may be lied to the Hcip-cock whkh being 
c»peiied at the fame Irrnc a is opened, the blidder will be 
Ail 'd with the gas. A flexible tube may be ferewed on the 
fame Hop-cot k for making experiments with the hlow-pipe. 
The gafomeU r. 13, will be found better for the blow- 
pipe, on accoiuii of the equable preffurc in the apparatus 
latt deferibed. 

Ptienmu/ic Trough — This is a Ample trough or ciffern made 
of tin or copper jnpaniicd, and is tiled for colledling different 
gafes. The fi/e is generally about 18 inches long, 12 wide, 
and 13 deep. Fig. 16. Plate XV J. reprefents this trough. 

A is a Aiding Aielf which can be taken out. It is formed of 
Iw'o p ates laid together ^ the under plate is made fo con- 
cave, that when the convex fide touches tfle upper plate in 
the middle, they are diftaot at the edges about one inch. 
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A nm heinz foldared rcmnd the two gives the ihelf the ao- 
pcarance of a foUd» concave on the under fide and fiat on the 
tipper fide. 

Any gas coming fipom the retort B, pafling under the 
fhelf in any fituatkxit muft be determined to the round hole 
in the middle, which is about half an inch wide. The 
trough, when ufed, is filled with water about an inch above 
the (helf, the jar C being filled with the fame, and placed 
over the aperture through which tlie bubbles afcend. The 
Hand i), having a foot of lead or iron, will be found very 
wCeful for fupporting a retorf or other vcfiel in ihefc expe- 
riments. When a number of veflels are occupying the 
fi: -If, and frequently fome are very tall, and of I'maU dia- 
meter, it will be found neceflary to liipport them to prevent 
their l>eing thrown over. This may be effected by having a 
inmiher of fupporters of different fixes, fiich as A. This is 
better reprefented 17. At ^/ is a focket to fit the pins 

which furround the fhelf; 0, are fpringing claws to embrace 
the glafs. 

In making experiments upon gafes, a number of veffels, 
fuch as Jig. 18, will be neceflary. Thefe are generally called 
eudiometer tubes, fome of them are graduated into cubic 
inches, for the piirpofe of meafuring the volume of gas ufed, 
or refill ting from any experiment. See Eudiometuy. 

Bcfides the trougli already deferibed, which is ufed with 
water, it is neceflary to be provided with one for mercury. 
Indeed the latter is abrolutely indifpenfihle when the gafes, 
which are the fiibjc£f of experiment, are abforhable by w^a- 
tcr : fuch as the muriatic acid gas, and ammoniacal gas. 

Fig. 19. is a view of the mercurial trofigh ! it is gene- 
rally made of a folid block of fome hard wood, or of mar- 
bh' ; or it may be made much neater, and with lefs labour, 
of pieces of wood joined together, cjofely and firmly by 
iron ferews. The firft cavity, a e Ift may be about eight 
inclicb long, four inches broad, and one inch in depth ; the 
fecond or lower cavity, fhould be about 6^ inches long, 

1 4 wide, and the fame depth : c is a fmallcr cavity, abuut 
-J of a.i inch wide, long, and one inch deep. The cavity 
d is intended to receive the glafs jar, 20, for the pur- 
pofe of filling it wiili mercury ; a, are fmall cavities in 
which to introduce the fingers for the purpofe of railing the 
jar when full of mercury. The cavity at c is to place the 
inverted j:ir over, for the purpofe of introducing any gas 
into it. llie fide a c anfw'crs as a (helf to roll tlie in- 
verted jars upon ; fig. 21. is a ring of iron, with a leg to flip 
into holes on the tide of the trough, for the purpofe of fuj>- 
porting the jars, w^hich would otherwife be liable iq faH on 
account of their fmall bafe. 

Eudiometer. — Eormerly the ufe of this inflrument was con- 
fined to the analyfis of the atmofphere. It has now, how- 
ever, become of great importance in gafeous chcmillry, and 
has been confiderably improved within thefe few years. 

in order to afcc.nain the nature of, and to diftinguifli the 
different giifes, chemills have generally recourfe to fome fub- 
llancc capable of abforbing fhe gas under examination. 
The eudiometer is the veffd which contains, or communi- 
cates with the fubdance wliich is to abforb the gas, and the 
tube being graduated marks out the quantity abforbed, and 
(hews how much of that particular gas wasprefent. 

The firft inflrument of this kind, adapted to general pur- 
pofes, was invented by Dr* Hope, of which a defeription 
will be found under Eddiometry. Under the fame article 
will be found Mr. Davyds eudiometer for the analyfis of 
the atmofphere. 

Mr. P^ys has lately invented a very endiometer : 
it differs from Dr. Hope’s in the bulb, which holds the ab- 
forbing liquid, being an elailic gum bottle inftcad of glafs. 


A glafs neck is tied into the neck of the bottle, into wliich 
the graduated tube is ground. When this eudiometer is 
ufed, the elaflic bottle is filled with the abforbing liquid 
(lime water, for inflance), and the tube filled with the gas 
under examination (fuppofed to be carbonic acid), intro*^ 
duced into the neck. 

On agitating the liquid to mix it with the gas, as the ab- 
forption goes on, the elaflic bottle collapfes, by the atmo- 
fpheric prefl’ure, and the liquid occupies the place of tlie 
abforbed gao in the tube. 

The only objeftion to this eudiometer is its w'ant of 
flexibility, and this varying under different circumflances, fo 
that the denfity of the contained air ‘can never be accurately 
knov.'n. The writer of this article has done away the above 
objedioR, by ufing a bag of oiled (ilk inflead of this elaflic 
gum bottle. The lilk inufl be very well coated, and the 
coating completely dry. 

The eudiometer of Volta, which is found very ufeful in 
the profcnce of the eleAric machine, is alfo called the deto* 
naUng jar. It is ufed with oxygen to detect the prefence 
of hydrogen, and we *i^erfd. lois inflrument,^. 22, con- 
fitts of a very thick glals tube A B, having two bits of 
metal tf, pafling into the tube oppofitc to each other, the 
inner ends being feparated from each other a fmall diftance, 
fo that an eledric (park pafling between them, may be capa- 
ble of inflaming hydrogen with oxygen. 

The gas to be examined is introduced into this jar, and 
the eledric fpark paffed through it. If hydrogen and 
oxygen be prefent, in fufficient quantity, they will explode^ 
forming water, and producing a diminution of volume equal 
to the original bulk of gafes which have entered into com- 
bination. In the explofion of thefe gafes the vi’ater or mer- 
cury is apt to be thrown in various diredions by the concuf- 
fion. We are indebted to Mr. Pepys for an ingenious 
method of preventing this evil. The tube A B is fecured 
to the iron Hand D E by means of a focket C. D is an iron 
tube containing a fpiral fpring, fimiiar to that of the fpring 
Jicel-yard. The rod dy which ads upon the fpring, is fattened 
to tlie foot E, which is fo heavy as not to be raifed by the 
force exerted upon the fpring. When the detonation of 
the gafes takes place, the force is exerted equally upon 
the inflrument and the liquid, in which it is immerfed, when 
they are both at liberty. Inflead of being all exerted upon 
the latter, it caufes the tube to rife, the fpring in the focket 
D giving way, and thus prevent tlie liquid from being dif- 
perfed. All the gafeous bodies containing hydrogen cart 
now be analyfed by this inflrument. Dr, Hmry has dif- 
covered that ammonia, which docs n .t appear combufiible, 
can be exploded wi^h oxygen ; its hydrogen forming water 
with that fubllance. See'EuD.’.JMKTRy. 

Evaporating Vrjjels — Thcle are of metal, earl hen-ware, 
and glafs. They arc generally made broad and (hallow, as 
feen in^^ 23, in order to expofc a greater evaporable fur- 
face. During the evaporation of any liquid, a current of 
air (hould conilantly be pafling over its furtace. This ohjeft 
can be eafily attained by placing the veffel under the mouik 
of a chimney into which there is a confiderable draught. 
By this means alfo the vai>our is prevented from coming 
into the room. 

Thefe voffels arc of filver for expelling the water from 
alkalis, and of glafs, or Wedgewood ware, tor acids and fome 
folutions of faitt. 

Sand and Waier Baths.-^Tht fand bath, although ftiper- 
feded by the Argaiid lamp, for diftillations in the fmall way, 
is, neverlhelefs, very ufeful for digeiling fubftances fub- 
JeAed to folution, ana for evaporation. Itsneat is much more 
regular tiiaH the naked fire, but it may fometiroea be too 
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hot for fubftancet which are liable to be decompofedt fuch 
as infufions of vegetable or animal matters. The moft ufeTul 
fand bath is made of a plate of cad iron, under which the 
flame of a fire plays, and a rim of call or wrought iron 
laid upon it and filled with fine Calais fand. 

A fand-bath frequently confilts of an iron di(h or pan 
made to fit the mouth of a furnace. See Furnace. 

When an uniform heat, not higher than 2 12^ of Fahren- 
heit, is required, or when it will be fufficient, the water bath 
is found highly ufefu). Inftead, however, of placing the 
fnbilance to be heated in a vefTcl of boiling water, which 
was formerly the cafe, the bath may be heated with fteam 
at any diiiance from the boiler. This bath may be a veiTel 
of any fhapc, having a cavity for fleam on the oiitfide, 
thick! V covered with flannel, or any bad condudor .of heat, 
and the infide filled with fand. This hath is admirably 
fitted for the evaporation of folutions of animal and vege- 
table fub (lances, and for drying precipitates and other 
fubftances liable to be decompoTed or changed by great 
heat. 


ATs/Zror.— -This is a veffel ufed for making folutions of fub- 
fiances. It is generally of a fpherical form, flattctied at the 
bottom, as feen in Jig. 24, having a long neck to allow the 
fluid to condenfe and return into the veffel. This ufeful 
apparatus is made of glafs, and thin at the bottom, in order 
to prevent its breaking. The common Florence flafk is a 
mood fubflitute for tlie mattras. A fmaller veffel of this 
kind is ufed for boiling a lefs quantity of any liquid ; thefc 
are called proofs flajffs. Seejig. 2;. 

Precipitating^ ^g. 26.— Thefc are tall cylin- 

drical veflels, m which precipitations are performed, in order 
to colle6l the feparated matter into lefs room. In wafhing 
precipitates it is found, that when hot water is poured into 
the rafs, if the bottom be thick it is liable to break. This 
evil has exifted more or lefs in all the precipitating glaifes in 
general ufe. In making this veffel at the glafs^ioufe, the 
part to form the bottom (hould be blown out thin, like the 
mattras, and then pufhed inwards to make it ftand firmly. 
Very fmall veffels in this ihape are ufed for fmall quantities 
of any fubflauce. Thefe are called t^ gjojet* 

Gas hvttks, fuch sa Jig. 27, arc veffds for obtaining hy- 
drogen, carbonic acid, and other gafes. The materials, 
fuch as water ^nd zinc filings, are introduced into tfle bottle 
A. The fttlphuric acid being put into the bottle B, the 
plug which is ground into the neck 1/, can be raifed to 
let in the acid as it may be wanted. The gas efcapes through 
the crooked tube C, which may be put under the fhelf of 
the pneumatic trough. 

Funnels are ufed generally for filtration ; they are com- 
monly, and always ought to be ribbed for this purpofe, in 
order to form cMnnels between the paper and the glafs, 
which greatly facilitates the procefs. In lieu of a ribbed 
filter, it is common to place a number of draws, or pieces of 
glafs, between the paper and the veffel, which anfwers very 
well. 


The feparatoiy funnel, 34, is ufed for feparating 
fluids, fuch as water and oil, which do not mix from the 
dallerence in fj^cific gravity. 

The following articles are aifo eifential to the laboratory, 
which it will be unneceffary to deferibe. 

Thermometers and a barometer. Bottle for afeertaining 
the fpecific gravity of liquids. 

A common dill to f umifli didtUed water. 

A fmall one of filver for nice purpofes. 

The different blow-pipe apparatus, with platina, fpooa, 
and leaf platina. 

A filver crucible, and one of platina* 


Crucibles and crucible dands of earthen ware. See Jigs. 29, 
30, and 32. 

Muffels and cupels. See Jt^^. a8 and 33. 

Iron retort and jointed tuM for procuring oxygen gas# 

Fig* 35 - , 

Glafs jars of different fixes for collefling gafes. 

Filtering paper, and papers coloured with litmus, tur- 
meric, and red-cabbage. 

A general affortment of glaffes, to filter liquids into, 
dec. 

An affortment of earthen veffels for common purpofes. 
Thofe made of the fame materials as the foda water bottles 
are to be preferred. 

Capfules of glafs, and watch-glaffes. The former may 
be cut out of broken retorts and receivers with a fmall hot 
iron. 

Glafs tubes of different fixes, and a fpirit lamp for bending 
them. 

Glafs and porcelain rods and fpoons for dirring acids, $cc. 

Jars of glafs and earthen ware, with grooves round the 
top, for luting them clofely firom the air. Thefe fhould be 
ufed for containing falls in crydals. 

Ruled paper for labels ; ccmal varnilh to cover the fame, 
to keep off the dampnefs and fumes of acids. 

Sheets and wires of different metals. 

Silk and thread of different drength. 

Stands made of wood or rufhes, for fupporting veffels 
with round bottoms. 

Iron ladles of different fizes. 

Hammers, (hears, and plyers. 

Corks, bladders, and fponge. 

Tongs of various forms. 

Files, diamond, and magnet. 

Lutes, linen, cloth, and tow. See Lute. 

The following philofophical apparatus ; 

Air-pump Tor condenfing and exbauding. 

Syringes, microfeope, and burningTens. 

Eiedlric machine and Galvanic apparatus. 

Zinc plates and wire, for minor experiments. 

Hydrodatic balance and hydrometer. 

We fhall conclude this article with a lid of the chemical 
ftibdances neceffary to be kept in a chemical laboratory. 
Thefe are divided into wet and dry fubftances. The firll of 
ihefe mud, of neceflity, be kept in well-doppcd bottles. 
The latter fhould alfo be kept in bottles, the necks of 
which fhould be wider than thofe for liquids. 

Subdances in common ufe fhould be k(*pt in larger quan- 
tity than thofe which are kept as mere ipecimens, or only 
ufed occafionally ^d in fmall quantity. 


Liquids in common Ufi. 

Sulphuric acid, pure. 

■ — common. 

Nitric acid, pure. 

common. 

Muriatic acid, pure. 

common. 

Acetic acid. 

Water iaturated with ammonia. 
Solution of potafh. 

. carbonat of pota(h. 

- - potafh. 

— — fuper-carbonat of potafli. 

-- foda, and carbonat of foda. 
carbonat of ammonia. 

Lime water. 

Diddled water. 
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Alcohol, pure. 

— , common. 

The bottle* in which the above are kept (hould hold from 
a pint to a quart each* 

After a change of temperature in the air from cold to 
hot, we find at the tops of bottles, about the ftopper, a quan- 
tity of the liquid which has diftilled up to the ftopper, and 
been forced out by the expanfion of the air in the bottle. 
This is very troubiefome, efpecially with acids, and may be 
remedied by giving to the mouth ot the bottle a flight funnel 
ihape, which forms a recefs for the liquid. 

The following are the dry fubftances in common ufe, 

Qxyd of manganefe, and common fait. 

S s and rods of iron, tin, zinc, copper, and lead. 

and powdered marble. 

Quick lime, pipe clay, and fand. 

Magnefia, common and calcined. 

Sulphurets of potafli, iron, and lime. 

Ifinglafs and nutgalls. 

Brazil wood and turmerief. 

Calcined plafter of Paris, and bone afhes.. 

Black flux and white flux, See Flux. 

Charcoal powder and faw-diift. 

Sulphat of lead, as a body for lutes. 

Nitre in cryllals. 

Borax and alum. 

The following arc bodies in folutlon*, ufed as tefts and 
kept in fmall quantities, in bottles from one to two ounces 
in fizc. The bottles (hould be fliaped at the mouth as 
above recommended, and the diameter fliould be half tlie 
height in the cylindric part. 


Sulphat of potafli. 
foda, 
alumine.. 
ammonia, 
magnefia. 
•zinc, 
filver. 

Oxy-fulpliat cf iron. 

Nitrat of potafh. 

— foda. 

— barytes. 

— ' ftrontian. 

- lime 

— filver, 

— - copper. 

— — — bifmuth. 

Mvirlat of potafli. 

— foda. 


Oxymuriat of mercury. 
Phofphat of foda. 


ammonia. 


Fiuat of potafli. 

ammonia. 

Borat of foda. 
Carbonat of potafli. 

— foda. 

' — ammonttu 

Acetat of potafli. 

barytes. 

ftrontian.. 

alumine. 

filver. 

copper 

lead. 


- barytes. 

— ftroritian. 

— lime, 

- amn onia. 

- gold. 

— platina. 
tin. 

> cobalt. 


Oxyacetat of iron* 

Oxulat. of foda and ammonia^ 
SiKcinat of ammonia* 
Tartrat of ammonia. 

Prufliat of potafli and iron. 

lime and iron. 

Pure gallic acid in alcohol. 
Infufion of galls in alcohol. 

— of litmus. 

Acetic acid, pure. 
Hydrofulphuret of potafli. 
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The fijllowing fubftances (hould be kept in the folid ftate, 
and free from contad of air and moilture! 

Sulphat ot iron kept in alcohd. 

Muriat of lime. 

Oxymuriat of potafli. 

Barytic earth. 

Strontian earth, and all pureeartha. 

Pure potafli. 

— — foda. 

Potaflium and fodlum, kept in naphtha, Sta Pox Aft* 
siUM and Sodium. 

iSuIphuretg of pota/h, iron, and lime. 

Phofphuret of lime. 

Phofphorus. 

Pyrophorua. 

It is alfo nroper that the chemift (hould poffefs at peat « 
variety of all the known chemical bodies as poffible, both 
fimple and compound. They are worth poffeffing-even as a 
matter of curiolity. But they will be highly valuable in 
giving a familiar knowledge of the different fubllances which 
the experimeiitalift may expea to meet with, and enable him 
to diltinguifh them from what may be new. 



Lac 


LAC, or Lacca, Gim^ as it is commonly, though not 
very properly, denominated, becaule it is neither a gum ru>r 
a rcfin, is a kind of compound fabllance, prepared by the 
female of a minute infeft, called by fome Cocclh Lacca^ and 
by others Ciieumes Lmca^ which is found in feveral fpccies 
ot trees in the EaR Indies, and particularly on the banyan- 
tree (Ficus indica and religiofa of Linnxus), fcvcral Ipe- 
cies of Mimofa, and the Biher on Rhamnusjnjuba. Thc^e 
infeds are nourifhed by the trees on which they arc pro. 
duced, and fix thcmfelves upon the fucculent extremities of 
the young branches; and around their edges they are envi- 
roned with a fpiflid fub-pellucid liquid, which feems to glue 
them to the branch. It is the gradual accumulation of this 
liquid, which forms a complete cell for each infed, and is 
what is called Gum Lacca. When the cells are completely 
formed, the infed is in appearance an oval, fmooth, red 
bag, without life, about the fize of a fmall cochineal infed» 
emarginated at the obtufe end, full of a beautiful red liquid. 
When the eggs are hatched, the young infeds, or grubs, iirft 
feed upon the red liquid above-mentioned, and wb^n this is 
expended, they pierce a hole through the coat that invefts 


them, and move off one by one, leaving their exuviae be- 
hind, which are the while membranous iubllance found in 
the empty cells of the Stick lac. The accuuuilatioii of lac 
appears in the economy of this infed to be the fubftance 
that anfvvcrs the double pnrpofe of a nidus and covering; 
to the egg or infed in the firll llage of its exiftence, end ot 
food for the maggot in its more advanced ftate. The lac is 
formed into complete cells, finilhed with as much regularity 
and art as ihe honcy-comb, but differently arranged. The 
flies are invited to dcpolit their eggs on the brauclies of the 
trees by befmearing them with fome of the fn fh lac 
in w^ater, which attrads the fly, and gives a belter and 
larger crop. For a particular defeription of thefe infed 
and thtir cells, we refer to the papers of Mr. James Keir, 
of Patna; Mr. Robert Saunders, furgeon, at Boglepo<»r, 
in Bengal ; and Dr. Roxburgh, of Samulcotta, in tlie PhiL^. 
fophical Tranfadionsj^ols. Txxi. Ixxix. and Ixxxi. Lac is 
a liaple article of commerce in Affam, a country bordering on, 
and much conneded with, Thibet, which furnilhes ibc grcateil 
quantity of that in ufe ; and it is alfo found upon the nncul- 
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tivatcd mountains o.) bmli Tides of ilie Ganges. The only 
trouble in procuring it is that of breaking down the 
branches, and carrying them to market. The price in 
Dacca, in 1781, fays Mr. Kerr, was about 12/. the hundred 
pounds weight, although it was brought from tlie diftant 
country of Aflam, I’ho bed lac is of a deep red colour. If 
it is pale, and pierced at toft, it is depretiated in value, be- 
eaufe the infe^^s have left their cells, and confcqucntly they 
can be of no ufe as a dye or colour ; though they may be 
probably better for varnifhers. Of lac there are four kinds 
known in commerce : v/a. i. Siki lac, which is the lac in 
its natural (late, from which all the others are formed. This 
IS obtained in pretty conliderabie lumps, with much of the 
woody parts of the branches on which it is formed adhering 
to it* 2. ^rrr/lac, which is the former broken into fmall 
pieces, garbled, and appearing in a granulated form. 

3. Lump lac, which is feed lac liquefied by fire, and formed 
into cakes, 4. ShdlVdc is the purified lac, or the cells li- 
qiulied, drained, and formed into their tranfparent laminae. 
Lie is brou-Tht into this Hate, or purified, by the following 
procefs. It is broken into frnull pieces, and picked from the 
branches and llicku, and then put into a fort of canvas bag 
wf about four fe*t long, and about fix inches in circum- 
ference. T wj of thefe bags are in conilant ufe, and each 
of them held by two men. Tli* bag is placed over a fire, 
and frequently turned till the lac is liquid enough to pafs 
through its pores, when it is taken off the fire, and fquee/.cd 
by two nnen in different dirci\iona, dragging it along the 
convex part of a plantain tree (Mufa paradifaica of Lin- 
o«us), prepvred for the purpjie : wliile this is doing, the 
other bag is heating, to be treated in the fiime nunner. The 
mucilaginous and fmooth furfacc of the plantain-tree feems pe- 
culiarly well adapted for preventing the adhefion of the heated 
lac, and giving it the form, which enhances its value fo much. 
The degree of prclTuveon iheplantuin-trcc regulates the ihick- 
nefs of the (hell, and the quality of tke bag determines its finc- 
nefs and tranfparcncy, upon which its value depends. 

The lac is applied to various purpofes by the natives in 
India. A great quantity of the Jhdi lac is coafumed in 
making ornamental rings, painted and gilded in a variety of 
tafics, to decorate the arms of tlie ladies ; and it U formed 
into beads, fpiral and linked chains for necklaces, and other 
tcmalc ornamenrs. it is alfo nfed for lealing-wa*# For 
this purpofe, take a (lick, and heut one end of it upon a 
charcoal fire ; put upon it a few leaves of the ihcll lac 
Ibftened above the fire ; keep alternately heating and adding 
more fliell lac, until you obtain a inafs of three or four 
pounds of liquefied fliell lac upon the end of your (lick. 
Knead this upon a wetted board, with three ounces of Icvi- 
gated cinnabar, and form ii into cylindrical pieces ; and co 
give them a polilh, rub them while hot with a cotton cloth. 

For japanning, take a lump of fliell lac, prepared in the 
manner of fcaliiig-wax, with »vhacever colour you pleafe, 
fix it upon the end of a Hick, lieat the pollflicd wood 
over a charcoal fire, and rub it over with the half- melted 
lac, atid polifij by rubbing it even with a piece of folded 
plantain leaf held in riic hand; heating the lacquer, and 
adding more lac as occafion requires. Their figures are 
formed by lac, charged with various colours in the fame 
manner. In ornamenting their ima{>cs and religious houfes, 
&c. they make ufe of very thin beaten lead, which they 
cover with various varniflics, made of lac charged with co- 
lours* The preparation of them is kept a fecret. The 
leaf of lead is laid upon a fmooth iron heated by fire 
below, while they fpread the varnidi upon it. 

For grindftones, take of river fund three parts, of feed 
lac wafiied one part, mix them over tlie fire in a pot, and 
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form- the mafs into the (hapeof a grindftone, having 1 Iqnare 
hole in the centre, fix it on an axis with liquefied lac, beat 
the (lone moderately, and by turning the axis it may be eafil) 
formed into an exad orbicular (hape. Pdliftiing grindftonea 
are madeonlyof fuchfand as willpafseafily through fin^muHin, 
in the proportion of two parts of fand to one of lac* The 
fand is coinpofed of fmall angular cryftalline particles, tinged 
red with iron, two parts to one of black magnetic fand. 
The fione^cutters, indead of fand, ufe the powder of a 
very hard granate, called Corunde. Thefe ^rindfiones cut 
very fall : when they want to increafe their power, they 
throw fand upon them, or let them occafionally touch the 
edge of a vitrified brick. The fame compofition is formed 
upon dicks ; for cutting dones, (hells, 8cc* by the hand* 

For painting, take one gallon of the red liquid from the 
fird working tor (hell lac, (train it through a cloth, and let it 
boil for a (hort time, then add half an ounce of foflil alkali ; 
boil an hour more, and add three ounces of powdered load 
(bark of a tree), boil a (liort time, let it (land ail night, 
and drain next day. Evaporate three quarts of milk, 
without cream, to two quarts, upon a flow fire, curdle it 
with fome milk, and lot it Hand for a day or two, then mix 
it with the rei liquid above-mentioned ; drain them through 
a cloth, add to the mixture of alum, and the juice of 
eight or ten lemons ; mix the wliole, and throw it into a 
cloth-bag drainer. The blood of the infefl forms a coagu- 
luni with the cafeous part of the milk, and remains in the 
bag, while a limpid acid water drains from it. Tlie coa- 
guTum is dried in the (hade, and is ufed as a red colour in 
painting and colouring. 

For dyeing, take one gallon of the red liquid prepared 
as before without milk, to which add three ounces of 
alum. Boil three or four ounces of tamarinds in a galk>:i 
of water, and drain the liquor. Mix equal parts of the 
red liquid and tamarind water over a brilk fire. In this 
mixture dip and wring the filk alternately, until it has 
received a proper quantity of the dye. To increafe the 
colour, increafe the proportion of the red liquid, and let 
the filk boil a few minutes in the mixture. To make the 
filk hold the colour, they boil a handful of the bark called 
load in water ; drain the decoction, and add cold water to 
it ; dip the dried filk into this liquor feveral times, and then 
dry it. Cotton cloths are dyed in tliis manner ; but the 
dye is not To lading as in filk. The lac colour is preferved 
by the natives upon flakes cf cotton dipped repeatedly into 
a drong folution of the lac infed in water, and then dried. 
The Hindoos, as Mr. Charles Wilkins informtd Mr. 
Hatchett, dilTolve (hell lac in water, by the mere addition 
of a little borax ; and ihe folution, being then mixed with 
ivory-black, or lamp-black, is employed by them as an ink, 
which, when dry, is not eafily aClcd upon by damp or water. 
Mr. Hatchett found this fad to be cxa^ly as it was dated 
by Mr. Wilkins. 

Belides the lac above-mentioned, there is another fort 
which is white or ycllowifh, brought from Madagafcar, very 
mn< h refembiing the pe-la of ihe Chinefe, which has been 
lately examined by Dr. Pearfon. See Laccic jfad. 

Mr. Hatchett (Phil. Tranf. for 1804, part ii.), has detailed 
a number t>f experiments for the analyfis of the three com- 
mon fpecics of lac, with a view of afccrtainiiig its confti* 
tuent parts and diferiminatmg properties* r. 

Lac, though long knovsm in Europe, has not much at- 
tradled the attention of chemids. The fird perfon wh® 
fubjedled it to a regular examination was the younger 
Geo (Troy, the refult of which is publiflied in the Mem* de 
I’Acad* de Paris for 1714. He concluded that this fub* 
dance is not, as fome have fuppofedi a gum or rtfin, wbich 
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has exuded from vegetables fimply punftured by infefls. 
GeofFroy and Lemcry obtained from lab, by dittillation, 
fome acid liquor, and a butyraccous fubilance ; and Geof- 
froy obferves, that when ftick-lac was thus treated, fome 
ammonia was alfo obtained, but not when feeddae was 
employed. GeofFroy confidered lac as a kind of wax, very 
dilUnft from the nature of gum or refin. Since his time it 
has been little examined, and therefore chemills have enter- 
tained various opinions concerning it. Chaptal, iMopting 
GeofFroy's opinion, calls it a kind of wax ; but Gren and 
Fourcroy regard it as a true refin. 

Mr. Hatchett found that when water is poured on (lick 
lac, reduced to powder, it immediately began to be tinged 
with red, and by heal, a deep-coloured crimfon folution 
was formed. Repeated operations of this kind reduce 
lUck-hic to a yellowifli-browu fubltance, and the water no 
longer receives any colour. The portion feparated from the 
lac has, on an average, amounted to lo per cent, ; but as it 
cannot be completc'y feparated, confiderable variations mult 
be expefted in different famplea. 

Fine feed-lac does not afford more than 2 \ or 3 per cent. 
of the colouring fiib (lance ; and fliell-lac, when treated in 
the fame manner, 1. e. merely with water, did not yield more 
than ^ per cent. Alcohol diffolves a confiderable portion •of 
each ot the different kinds of lac ; and when heat is not 
employed, the diffolved part is refin, c:)mhiiied with fome 
of the colouring matter; but if the lac is digefted with 
heated alcohol, the folution is more or lefs turbid, and it is 
difficult to obtain it in a (late of purity and tranfparency, 
cither by repofe or filtration. The folution obtained by 
digefting llick-lac in alcohol, wdihout heat, is of a dark 
brovvnifh-red colour ; and the infolublc part fubfidcs, retain- 
ing the greater part of the colouring matter, inoii enfily 
foluble in water. The proportion of refin thus diffolved, 
when ftick-lac is treated with alcohol, amounted to 67 or (»8 
per cent. The fecd-lac ufed by Mr. Hatchett \vas very 
pure, and yielded to alcohol abou^ 88 per cent, of refm, con- 
taining little of the colouring matter, Sliell-lac, in finall 
fragments, by fimple digeUion wdth alcohol, afforded in the 
firlf inftance nearly 81 per cent. ; but part of the refin re- 
quired fubfequent operations to feparate it, fo that the total 
quantity of relin might be eftimated at 91 per cent. Sul- 
phuric ether does not feem to aft fo powerfully upon the 
varieties of lac as alcohoi ; and, therefore, ether is not the 
bed menllruum for lac. Concentric fulphuric acid afts full 
on the colouring matter of lac ; and after a fliort digeilion in a 
fand-bath, the whole is converted into a reddifh-brown thick 
liquor, which foon becomes black ; and tlie chief part of 
the lac is feparated in an infoluble ftatc, refembling coal. 
During the folution of lac in fulphuric acid, a confiderable 
uantity of fulpluireous acid gas is evolved. When lac is 
igefted with nitric acid, nitrous gas is at firil produced ; 
the lac fwclls much, and is converted into a deep yellow 
opaque brittle fubllance, which, by a fufficiency of nitric 
acid, and a continuance of the digeilion for about 48 hours, 
is diffolved. 

This yellow nitric folution is converted by evaporation 
into a deep yellow fubftance, which burns like refin, but 
is foluble in boiling water. Muriatic acid diffolves the 
colouring matter and gluten of lac with a feeble aftion, un- 
kfs the refin has been previoufly feparated. Acetous acid 
much refcmbles the muriatic in its efFefts. Stick-lac, 
feed lac, and (heli-lac arc partially diffolved by" acetic acid \ 
and the diffolved part confifts of the colouring extraft 
refin, and of gluten ; the wax being the only ingredient 
which is infoluble in this menllruum. A faturated folution 
ofboracic acid in water diifolves the colouring extraft ; but 
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the lac is little, if at all, afted upon by this acid. Sub- 
borate of foda or borax has a powerful effeft on lac, fo as 
to render it foluble in water ; and it is concluded from thefe 
fafts, that the excefs of foda in borax is the aftive fubftance, 
which conclufion is corroborated by experiments made with 
the alkalis. In order to render lac, efpecially ftiell-lac, 
foluble in vi^ter, about one-fifth of borax is necelfary. The 
beft proportion of water to that of lac is 1 8 or 10 to i ; 
fo that 20 grains of borax, and 4 oz. of water, are, upon 
an average, requifite to dilTolve 100 grains of fticlMac. 
The general properties of the folution ffiew, that it is a 
faponaceous compound, which, being ufed as a varnilh, or 
vehicle for colours, becomes (when dry) difficultly foluble 
in water. The lixivia of pure foda, and of carbonat of 
foda, completely dilTolve the feveral kinds of lac ; and the 
folutions refemble ihofe formed by means of borax, except- 
ing that they are deeper coloured. Lixivium of pure or 
cauftic potafli fpeedily dilTolves the varieties of lac, and 
forms faponaceous folutions, fimilar to that with borax, ex- 
clufive of the colour, which more approaches to purple. 
Lixivium of carburate of potalh extrafts a great part 0/ the 
colouring matter, but Ids completely diffolves the entire 
fubftance of lac than pure potafh. Pure ammonia, and car- 
bonate of ammonia, readily aft upon the cohiuring matter 
of lac, but do not completely diffblvc the entire fubllance. 

From a variety of other experiments, as well as ihofc, the 
refults of w hich we have given, but which wc cannot recite, 
it appears that the different kinds of lac confill of four fub- 
ilanccs, namely, extraft, refin, gluten, and wax, ex- 

traft, when dry, is of a deep red cohiur, approaching to 
purplilh-crimfon ; emitting fmoke when laid on a red-hot 
iron, with a fmell like that of burned animal matter, and 
leaving a bulky porous coal ; partially foluble in water, hot 
or cold ; more ffowly in alcohol, and witu a lefs beautiful 
colour; infoluble in fulphuric ctlier ; fclnble in fulphuric, 
nitric, and acetic acid ; partially in muriatic acid ; not very 
readily in acetous acid ; almoft pcrfeftly ffiluble in the lixi- 
via of potalh, foda, and ammonia, with a beautiful deep pur- 
pk colour. When pure alumine is put into the aqueous 
folution, it d »es not immediately produce any efledt, but 
with tlie addition of a few drops of muriatic acid, tiie colour- 
ing matter fpeedily combines with the alumine, and a bcau- 
titullake is formed. A fine crimfon precipitate is alfo pro- 
duced by muriate of tin, when added to the aqueous lolu- 
tion : a fimilar coloured precipitate is alfo formed by the 
addition of folution of ilinglafs. Thefe properties of the 
colouring fubftance of lac, elpecially its partial folubility in 
w^ater and in alcohol, and its infolubility in elhcr, together 
wi»h the precipitate formed by alumine and muriate of tin, 
indicate that this fubftance is vegetable extraft, perhaps 
flightly auimali/.ed by the coccus. 

The relin of lac is of a browniffi-yellow colour, emitting 
on a red-hot iron much fmoke, with a peculiar fweet odour, 
and leaving a fpongy coal ; completely foluble in alcohol, 
ether, acetic acid, nitric acid, and the lixivia of potaffi and 
foda ; precipitated by water from alcohol, ether, acetic acid, 
and partially from nitric acid ; and policffing the other ge- 
neral charafters of a true refin. 

The gluten is obtainable in two ways ; if tlie pieces of 
lac, after digeilion in alcohol, be digefted with dilute acetic, 
or muriatic acid, mod of the gluten is diffolved, and may be 
precipitated by alkalies, added in due proportion ; but is re- 
diffolved by an cxcefs of them, and then is feparable by acids. 
It much refemblcs the gluten of wheat. 

The wax of lac is found floating like oil on the furface 
of a folution of lac, after long and repeated digeilion in boil- 
ing nitric acid, and may be colleftea when cold i or it luay 
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be more ea(ily obtained in a pure ftate^ by digeOing the re- 
fidue left by alcohol in boiling nitric acid. The wax, thus 
obtained, when pure, is pale yellowifti-white, and (unlike 
bees* wax) is devoid of tenacity, and extremely brittle; it 
melts at a much lower temperature than that of boiling 
water, and burns with a bright dame, and an odour n fcmbdng 
that of foermaceti. It is infolublc in water and cold alcvdiol ; 
but the latter, \v!;en boiled, partially difTolves it, atul upon 
cooling, dcpoliis the greater part ; folublc in heated fuU 
phiiric ether, but upon cooling, nearly the whole is depo- 
(ited. IJxivium of potalh, boiled with the wax, fonn.*? a 
milky folution ; hut inotl of the wax floats on the furfacc 
in the ftate of white flocculi, and apj)t‘ars to be converted 
into a kind of foap of dilHcult foliibility ; it is no longer 
inflammable; and, wnU water, forms a turbid folution, 
from which, as well a-, from the folution in pqtafh, the w'ax 
may be precipitated by acids. Ammonia, when heated, 
difl’olves a fmall portion of the wax, and forms a folution 
fimiiar to the fornv*r; nitric and maria* ic acids dt) not a6l 
upon the wax. When the properties of this fahflnnce are 
compared with thofe of bces'-wax, a ddfcrence will he per^ 
ceived ; and on the contrary, the motl linking analogy is 
evident between the w-ax of lac and the myrtle wax which 
is obtained from the Myrica cerifera. The properties of 
myrtle wax, deferibed by Dr. Bollock in Nicholfon’s Journal 
for March, 180^, coincide fo perfe< 5 lly wdth thofe of the 
wax of lac, that Mr. Hatchett is led to confider them as 
almoft, if not altogether, the fame fubftance. 

Our author, from his analyfis of the three different fpecies 
of lac infers, that the fubftanecs that compofe them bear the 
following proportions: 100 parts of flick-lac gave 68 of 
refin, 10 of colouring extrail, 6 of wax, of gluten, and 
6. j of extraneous fubftanecs : 1 00 parts of feed-lac gave 
8S.5 of refin, 2.J of colouring extrail, 4.5 of wax, and 2 
of gluten : 100 parts of fhell-Tac gave 90.9 of refin, 0.5 of 
colouring cxtrail, four of wax, and 2.8 of gluten. 

We have already fpccified feveral ufes to which lac is 
applied in India, and it is no lefs important, in a variety of 
refpcils in Europe. A folution of lac in water may be 
avlvantagcoufly employed as a fort of varnifh, which is equal 
in durability, and other qualities, to thofe prepared with 
alcohol ; and, of courfe, much cheaper. It will be found, 
like wife, of great ufe as a vehicle for colours ; for, when 
4lry, it is not cafily affedled by damp, or even by water. 
Mr. Hatchett fays, that with a folution of this kina he has 
mixed various colours, fuch as vermilion, fine lake, indigo, 
Pniflian blue, fap-green, and gamboge ; and it is rem»rkdblc, 
that although the two lull are of a gummy nature, and the 
others had been previoully mixed with gum (being cakes 
of the patent water-colour), yet, when dried upon paper, 
they could not be removed with a moiftened fpon^, until 
the furface of the paper itfelf was rubbed off. In many 
arts and manufadures, therefore, the foliations of lac may be 
found of great utility ; for, like mucilage, they rnay be 
diluted with water, and yet, when dry, are little, if at 'all, 
aft'eded by it. 

The colour given by lac is lefs beautiful, but more dura 
bb than that given cochineal. To render the colouring 
matter of the lac difhifible in w^ater, fo as to be applied to 
the fluffs to be dyed, Mr. Hillot diredls the following 
procefs Let fome powdered gum-lac be digelied for two 
liours in d decodion of comfrey-root, by which a fine 
rrimfon colour is given to the water, and the gum is 
rendered pale or ftraw-coIoui*ed, To this tindure, poured 
i)tf clear, let a folution of alum be added ; and when the 
colouring matter has fiibfided, let it be feparated from 
ihe clear liquor, and dried. It will weigh about one-fifth 


of the quantity of lac employed. This dried fectila is to 
be difiiflved or diffufed in warm water, and fome folution 
of tin is to be added to it, by which it acquires a vivid fcarlet 
colour. This liquor is to be added to a folution of tartar 
in boiling water ; and thus the dye is prepared. 

The method of obtaining the fine i*ed lac ufed by painters 
from this fubftance, is by the following fimple procefs 
Boil the llick-lac in water, filtre the decodion, and evapo- 
rate the clear liquor to a drynefs over a gentle fire. The 
occafion of tliis eafy reparation is, that the beautiful red co- 
lour, here feparated, adheres only (lightly to the outfidesof 
the Hicks, broken off the trees along wiili the gum-lac, and 
readily communicates iifclf lo boiling water. Some of 
this (licking mutter alio adhering to the gum itlclf, it is por- 
per to boil the whole together ; for the giirn docs not at all. 
prejudice the colour, nor diffolve in boiling \va*er : fo that 
after this operatitui tlie gum is as fit for making fealiiijj-w'ax 
as bcfv)rt *, and tor all other ules which do not require its* 
colour. Sir I.akjc. 

A tihCtinv of gumdac may thus be prepared : — Take two 
ounces of g':m-lac, reduce it lo a fine powder, and make 
it into a lliff palle witlr oil of tartar per tleliquium f fet 
this in an open gl.ifs to dry by a gentle heat, then remove 
it to tlie open air, that it may relent and grow foft; then dry 
it again, and repeat this two or three times, at the end of 
which the hard body of this refin will be found rcfolved into 
a purple colour. This may yet again be dried, and wheti 
dried mull be reduced to powder, which powder w ill afford 
a fine ftrong tindlure to fpirit of wine, being boiled in it in 
a tall glals in a fand-heat for two or iliree hours. And by 
this procefs ftrong tin(?liires may be made from myrrh, 
amber, gum, juniper, &c. w!«ich will yield no tindlure of 
ftrength to fpirit of wine alone, if treated in the iifual 
w*ay. 

A fpirituouB tindlure of (lick-lac was formerly fome- 
times given as a mild reftringent and corroborant in female 
wcaknefTcs, and in rheumatic and fcorbutic diforders. But 
the principal medicinal ufe of this concrete was as a topical 
corroborant and antifeptic, in laxities and fcorbutic bleed- 
ings, and exulcerations of the ^iims. Some employed for this 
purpofe a tindlure of the lac in alum water ; others a tinc- 
ture made in vinous fpirits, impregnated with the pungent 
antifcorbutics. The college of Edinburgh diredled an ounce 
of the powdered lac, with half an ounce of powdered 
myrrh, to be digefted in a fand-heat, for fix days, in a pint 
and a haif of fpirit of feurvy grafs. 

The gum-lac has been lately ufed as an eledlric, inftevl of 
glafs, for electrical machines. See Lacuuek, Lake, and 
Vaunlsh, 

Lac, or Lacca, Ammonlact^ in the Materia Medica. 
See Gum Ammoniac. 

Lac, or Lacca, Artificial or I4AQU£, is alfo a name given 
to, a coloured fubftance, drawn from feveral flow^ers ; as the 
yellow from the flower of the juniper, the red from the poppy, 
and the blue from the iris or violet. 

The tindturcs of thefe flowers arc cxtradled by digefling 
them feveral times in aqua vitae, or by boiling them over a 
flove fire in a lixivium of pot-afhes and alum. 

An artificial lacca is alfo made of Brazil wood, boiled in 
a lixivium of the branches of the vine, adding a little cochi- 
neal, turmeric, calcined alum, and arfenic, incorporated 
with the bones of the cuttle-lifli pulverized, and made up 
into little cakes, and dried. 

If it be to be very red, they add the juice of lemon to 
it; to make it brown, they add oil of tartar. 

Dove-jColoiired,' or columbine lacca, is made with Brazil 
of Fernambuc, iteeped in diflillcd vinegar for the fpace of a 



montli, and mixed with alum incorporated in cuttle*(Ilh 
bone. For other proceiTes, fee Lake and Madder. 

Lac, Acid of. See Laccic Add. 

Lac, or Gm Lac. See Crotox. 
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LACK, in the ManufaHum^ is formed of ihreadi cotton, 
or (ilk, woven into a- net, the medics of which are varied in 
their figure, accordintr to the defign of the pattern, as oc- 
tagons, hev.igons, ^cc. &c. The lace is a'fo ornamented 
by a thread, much thicker than the thread forming tlie net, 
wiiich ir woven in among the medics, in the figure ot doweis, 
and other fantaihe curves ; upon the beauty and elegance of 
whicli, t!ie value of the lace depends,. Tliis thick thread ia 
called the 

Lace is made upon a pillow or cudiion, iip'in which a 
piece of IHff parchment is (lictchrd, having a number of 
holes pricked through it, to form a pattern of the intended 
lace. Through theie holes, pins are (luck into the pillow j 
and the threads, wound upon fmall bobbins,, are woven 
around the pins, and twilhd round each other in various 
ways, to form the required pattern. This procefs is ex« 
tremely tedious, particularly for the wide laces, with com- 
plicated patterns j and though it is extremely expcnfivctD 


the coiifumer, the people (chiefly in Bedford and Bucking- 
hamfliirc) who manufadure it can only obtain fufficient to 
■fupport a wretchc>d exiflcnce, by the mod inceflant exertion. 
Of late years, ihc^ manufaAurers of Nottingham have di* 
Tcfted their ingenuity to imitate this fpecies of lace by ma- 
chinery, in which they have fucceeded mod pcrfetlly j but 
Hill it is only an imitation, the knot or loop of the mefhes 
being effentially different. In the pillow lace, the net or 
mcllies may be deferibed, by fuppofing a number of ropes, 
each formed of two or more threads -twilled round each 
other : tliefe arC extended parallel ; but at every two or 
three fpiral turns of thefe ropes, the drands or threads com- 
poling one rope are fWided around with thofe of its neigh- 
bour, and then return to be twided with its own ; and tliia 
reciprocally of the whole number forms a nettine ; the figure 
-of the mclhes depending upon the number of turni which 
are made, before the twill is changed from one rope to the 
next. To form a lacc of this defeription, it is effential that 
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the ends of each thread be dctachcdi and capable of being 
twilled over the adjacent threads. This is eafily done by 
the hand upon the pillow, by twilling the* bobbins round 
each other ; but has many difficulties which prevent its per- 
formance by machinery. 

The Nottingham lac^ is only a modification of the ftitch 
or loop of which ftockings are made ; all the mclhes being 
formed by a continuance of one thread, which is, by the 
machine, formed into loops a whole courfe (that is, length 
•of the intended piece of iace) at once, by prelling it down 
alternately over and under between a number of parallel 
needles ; a fecond courfe is then made of fimilar loops on 
the fame needles, and the loops of the fir ft are draw^n through 
Ihofe of the fecond, in fuch a manner as to form mefhes by 
retaining the firft loops ; the fecond are then retained by a 
third courfe, and this by a fourth, and fo on. The ma- 
chine is very nearly like a common ftocking-frame, but pro- 
vided with an additional apparatus, which can be readily 
applied. It conftfts of a frame, containing a number of 
needles, w*hich we will call points ; thefe are introduced be- 
tween the fixed needles of the ftocking-frame, and a certain 
number (one half, for inftance) of the loops in the thread 
are taken off the fixed needles upon thefe points, which are 
moved endways, the fpace of two, three, or more fixed 
needles, and put down upon them again. Another fet of 
loops is now taken upon the points, and moved in the op- 
ponte direclion ; by this means, croffing the loops over each 
other, and forming mcfties, the figure of which will depend 
\ipon the number of needles it is thus carried over. But as 
this admits of no great variety of patterns, another machine 
has l^en invented, which is much more extended in its ap- 
plications. Like the former, it has the parts of the ftock- 
ing-frame, but differently made. The thread is, in this, 
rolled upon a cylinder, in the fame manner as a weaver’s 
beam ; as many threads being wound round it as there are 
i>eedle8 in the frame. Thefe threads pafs through eyes in 
the ends of fmall points, called guides, which are oppofite 
the needles ; and thefe guides are fixed on two bars, each of 
which has half the guides failcned in it, that is, one guide is 
fall in one bar, ancf the next in the other, and fo on alter- 
nately of the whole. Each of the guides prefents a thread 
to its needle, and arc all at once moved by the hand to twill 
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the threads two or three times round the needles which arc 
4)ppofite them : the loop is now made in a manner fimilm* to 
the other frame. The next time, the alternate guides are 
ihifted endways, fo as to apply themfelves to other needles 
than thofe they were oppofite before. This crofles the 
thread, fo as to make a net : bu.t the quantity which is 
ihifted endways ii altered every time, bv mtani of the ma- 
chinery, fo as to move a certain number of neediest which 
number is altered every time, to produce the pattern. All 
the parts of this machine, except the guides, arc moved by 
means of treadles, inftcad of ufing the hands, as in the com- 
mon ftocking-frame. The net produced by thefe frames is 
woven in bands of the width of the intended lace, leaving a 
wider me(h than the others, through which the divifion is to 
be made to feparatc the lace into narrow ftrips. Before 
cutting up in this manner, the Lee is fpread in a frame, and 
a common needle with a thick thread is worked in the 
mefhes, to imitate the gimp, according to the pattern for 
which the lace is intended. 

The lace trade of Nottingham has been carried to a very 
great extent, but is at prefent in a ftate of ftagnation, being 
chiefly dependent on foreign trade, as it has never been in 
fuch great repute with the Britifli ladies. 

Lace is al^o made of gold and Jtiver thread (which fee), 
much in the fame manner as the bone or blond lace above 
deferibed. The importation of gold and filver lace is pre** 
hibited. Great quantities of the fineft blond lace» have 
been imported from Flanders. By 5 Geo. III. c. 21. and 

i f Geo III. c. 48. if any perfon mall import any ribbands, 
aces, or girdles, not made in Great Britain, whether the 
fame fhall be wrought of filk alone, or mixed with other 
materials, the fame fhall be forfeited, and may be fcired by 
any officer of the cuftoms, in whatever importers’, vender^’, 
or retailers' hands they may be found ; and the importer, 
and every perfon affifting therein, and the venders and re- 
tailers in whofe cuftody tncy (hall be found, or who fliall fell 
or expofe the fame to falc, or conceal with intent to prevent 
the forfeiture, (hall forfeit refpcdlively 200/. with coHs; 
half to the king, and half to the officer who (hail inform and 
profecute. 

Lace is alfo ufed for a kind of chord made of filk or cot- 
ton, chiefly ufed in lacing women’s (lays. 
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LACQUER, or Lacked, is a var nidi applied upon tin, 
brafs; and other metals, to prcfervc them fr^'m tanufliing, 
and to improve their colour. The bafis of lacquers is a 
folution of the rcfinous fubllance called feed-lac, or rather 
(hell-lac, in fpirit of wine. This fpint ought to be very 
much dephlegmatcd in order to didblvc much of the lac. 
For this purpofe, fomc authors direct dry pot-afli to be 
thrown into the fpirit. This alkah attrads tlie water, with 
which it forms a liquid that fubiides diiliiidly from the fpirit 
at the bottom of the vcflVl. From this liquid the fj)!rit may 
be feparated by decantation. By this method the fpirit is 
much dephlegmated : but at the fame time it becomes im- 
pregnated with part of the alkali, wdiich depraves its colour, 
and communicates a property to the lacquer of imbibing 
moifture from the air. 'riiele inconveniences may be pre- 
vented by dillilling the fpirit ; or, if the artilt has not an op- 
portunity of performing that procefs, lie may cleanfe the 
fpirit in a great mcafurc from the alkali, by adding to it 
fome calcined alum, the acid of which uniting with the Jtlkali 
remaining in the fpirit, forms with it a vitriolated tartar, 
which, not being folable in fpirit of wino, falls to the bottom 
together wdth the earth of the dccompofcd alum. To a pint 
of the deplilcgmatcd and purified fpint, about tlircc ounces 
of powdered mcll-lac are to be added ; and the mixture to be 
digefted during fome days with a moderate heat. Tlie liquor 
ought then to be poured olF, ftraiiied, and cleared by fettling. 
This clear liquor is now fit to receive the required colour, 
from certain refinous colouring fubllancea, the principal of 
which are gamboge and anotto, the former of which gives 
a yellow, and the laileran orange colour. In order to give 
a golden co.our, two parts of gamboge arc adJ'^d to one of 
anotto; but thefe colouring fubllar.cos maybe irparately 
difTo’vedin the tinflure of lac, a^-d the colour required may 
be adjufted by mixing tlie two fulutions in different propor- 
tions. When filvcr-leaf, or tin, are to be lacquered, a 
larger quantity of the colouring materials is requilhe than 
when the lacquer is intended to be laid on brafs. 

There are fundry other materials, from a due mixture of 
which a like colour may be produced, as turmeric, faffron, 
dragon's blood, &c. See Gold Coloured Vaunish, and 
Jahanner^s GlI DINO. 

Inftead of (hcll-lac, ufed in the compofition of varniflics 
for lacquering, refm or turpentine is fubftitutrd for the 
coarfer ufes. The following compofition for brafs-work, de- 
figncd to refcmble gilding, has been much recommended : 


take of tiirnuTic gr« ind, as it may be had at the dry-fahers, 
one ounce, and of faffron and Spanifh anotto each two drams; 
put them into a bottle with a pint of highly reAified fpirit 
of wine, and place the bottle in a moderate heat, occa- 
fionally fliaking it, for fevcral days ; then drain off the 
yellow tincture thus obtained, through a coarfe linen cloth, 
and putting it back into the bottle, add three o*incc8 of 
good feed-lac grofsly powdered ; place the bottle again in ^ 
moderate heat and (hake it, till the feed-lac be diffolved. 
The lacquer drained as befoie will be fit for life, and muft 
be kept in a bottle carefully flopped. By incrcafing or 
diminifliing the proportion of anotto, the lacquer will be 
rendered warmer and redder, or cooler and nearer a true 
yellow^ A cheaper compofition little inferior to the former, 
may be formed of one ounce of turmeric root ground, half 
a dram of the bell dragon's blood, and a pint of fpirit of 
wine, maiiagt?d as the former. 

The varnifh for tin may be made of one ounce of turmeric- 
root, two drams of dragon’s blood, and one pint of fpirit 
of wine, prepared in the fame manner with the oilier. The 
dragon's blood may be incrcafed or diininiflied, as the red 
or yellow is to be the mofl prevalent ; and for a coarfer 
lacquer the quantity of fliclMac may be leffened, and the 
deficiency fupplied by the fame proportion of refin. The 
lacquer for locks, nails, &c. where little or no colour is 
deCred, may be either flicll-lac varnidi alone, or witli a 
little dragon's liloocl ; or a compound varnifh of equal parts 
of fhell-lac and refin, with or without the dragon's blood. 
The niauncr of laying on the lacquer is as lollow.s: the 
pieces to be lacqutred muft firft be made thoroughly clean ; 
and if tljcy be now founded, aquafortis muft be ufed for 
this purpofe. When they arc afterwards heated by a fmall 
charcoal lire, the lacquer is laid on with a proper brufti, 
like otlier varniflics, and the pieces reftored to the heat. 
After the lacquer is thoroughly dry and firm, the fame 
operation muft be renewed for four or five times, or till 
the work appears of tlie required colour and briglitncfs. 

The lacquering of leatlier, impr::perly called gilding, is 
performed by means of leaf-iilver, coloured by a ydlow 
varnifh. (Sec Japamer^s Gilding.) For this purpofe 
calf or goat-fleins are procured in a dry ftate, after the 
common drefling and tanning. They arc foftened by being 
immerfed and flitted about for fome hours in a tub oT 
water; and afterw^ards beaten againfl a flat flonc and 
fmoothed!, by fpreading them on the Hone and rubbing 
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them over with an iron inflrument ; the thus pre- 

pared, are joined together in pieces of the dimen funs re- 
quired; and then fized on the grain of the leather with a 
kind of foft glue, or (lifF fize, that anfwers to the gold- 
fize ufed in ol!»er kinds of gilding or filvering, prepared 
from parchment or glover’s ' Utting'?. The workn\an next 
proceeds to cover llte whole furfice of the fized fitin, 
before it be quite dry, with leaf filver, and with a fox’s 
tail, made into thj form of a hall at the end, f<*ttles 
the leaves, by prelli ig and linking them ; and clofes this 
operation with gently rubbing tie* whole furface with the 
tail. When the fltms are filvcrcd, they are hung to dry 
fir ft on cords, and tlie drying is completed by putting them 
over a board joined togctlier, with the filv(*r<.d lide next the 
boards, wh^re they nuift be kept ftretclv^d out by means 
of feme nails. They are then burniihrd with a flint hur- 
iiifher, which operation is performed by fpreading the fkin 
even on a fmooth ftone, and Aiding the burniftier backwards 
and forwards over every part of the Avln, with a confider- 
able degree of preAiire. In fome manufaftiires the burnilh- 
ing is performed, by pafli ig the filvered Atins betwixt two 
cylindrical rollers of ftecl, with polifhed faces. The fkins 
are now prepared for receiving the yellow lacquer or varnifh, 
which gives the appearance of gilding. Different artifti 
have different recipes for compounding this lacquer. The 
following is faid to be equal to any hitherto ufed : take of 
fine w'hite reiin, 4. pounds ; the fame quantity of common 
refin ; of gum landarac, 2 \ pounds ; and of aloes, two 
pounds : bruife and mix them ; and put them into an 
earthen pot over a good fire of charcoal, or over any other 
fire which has no name : when all the ingredients are per- 
feftly melted and mixed, add gradually to them feven pints 
of linfecd oil, and ftir the whole well together with a 
fpatula ; let the whole boil, ftirring all the time, to pre- 
vent a kind of fediment, that wdll form, from flicking to 
the bottom of the veflel. When the varnifh is almoft fuf- 
ficiently boiled, which wdll generally require feven or eight 
hours, add gradually half an ounce of litharge, or half an 
ounce of red lead ; and w hen this is diffolved, pafs the var- 
nilh through a linen cloth, or flannel bag. A pint of oil, 
and a correfponding proportion of fine refin and aloes, have 
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produced a very good varnifh in an hour and a half. This 
lacquer or varnifh is laid on the filvered leather in the open 
air ; and is beft done in fummer, when it is ^ot and dry. 
For this purpofe, the fliins are ft retched and faftened with 
• nails to the boards, on which the drying was finifhed, with 
the filvered fide outwards. And when thefe boards are 

S iroperlv difpofed on treflels, the workman generally fpreads 
bme white of eggs over each fkin 5 and when this is dry, 
the varnifh, which is nearly of the confiftcnce of a thick 
fyrup, is repeatedly fpread with the four fingers of one 
hand, moved fo that each finger paints a kind of S with 
the varnifh, from one end of the fkin to the other : and it 
is then diffufed evenly over every part with the flat of the 
hand ; after this it is 10 be immediately beaten by flrokes of 
the palms of the hands, and principally where tne varnifh 
is obferved to lie thickeft. When this coat of varnifh is 
fufficiently dry, which may be known by the fingers mak- 
ing no impreflion upon it, another coat is laid on in the 
fame manner. When this coat is dry, the vaniifhiug for 
producing the appearance of gilding is completed ; and if 
it has been well performed, the leather will have ^ery fine 
gold colour, with a confiderable degree of polifh or bright- 
nefs. When there is an intention to have one part of the 
leather filver, and the other gold, a pattern is formed on 
the furface, by printing, calking or iiainping, a defign on 
the furface after the filvering. The fkin is then to be 
varnifhed, as if the whole were intended to be gold ; but 
after the laft coat, in Bead of drting the varnifti, it is to be 
immcdialely taken off that part, which is intended to be 
filver, according to the defign printed or calked upon it, 
by a knife ; with which the workman ferapes off all that 
he can without injuring the filver, and afterwards by a linen 
cloth, with which all that remains is to be wiped or rubbed 
off. The Acins thus filvered and varnifhed, are made the 
ground of various defigns for enibofled work and painting. 
Tfic emboAed work or relief is raifed by means of printing 
wi»h a rolling profs, fuch as is ufed for copper plates ; but 
the defign is here to be engraved on wood. The painting 
may be of any kind ; but oil is principally ufed, as being 
durable aud more eafily performed. Doflie’s Handmaid to 
the Arts, vol. i. p. 454, &c. 
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Lake^ or LaquEi a preparation of different fubftancea lacca or lacquey from which all the reftf as made by the 
into a kind of magillery for the ufe of piuntersi dyers^ &c. fame procefsi are called by the common 

One of the fineft and firft invented of wnich was that of gum I4AC or'LACCA* 
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We may obferve more generally, that all vegetable co- 
lours, which are foluble in water, are found to have a certain 
degree of affinity for fome earths and metallic oxyds. Thefe 
combinations are called lakes. Thus, if a folution of alum 
is added to an infufion of madder, a mutual decompofition 
takes place, and part of the alumine falls down intimately 
united with the colouring matter of the madder : the repara- 
tion is much alTified by the alkali. They are chiefly ot two 
colours only, red and yellow : the red owing their colour to 
madder, Braiil wood, or cochineal ; and the yellow to the 
different yellow infufions ufed in dyeing. Both are gene- 
rally ufed for water colours, and in oil painting as tranf- 
parent colours. Thefe pigments are almofl invariably com- 
pofed either of alum, or fometimes the folution of tin, and 
fome other watery folution of a colouring matter. 

Of the red lakes, that made with cochineal is the mod 
beautiful, and of the greatefl value. It is called carmine^ 
from its being applied to imitate the colour of the flefli. 
For the method of preparing it, fee Cochineal. See alfo 
Carmine. 

Oil the receipt for making carmine, introduced under 
th • article Cochineal, a correfpondent has made the follow- 
ing obfervation. 

The carbonat of foda and afum, added in the firft in- 
flince, would be mutually decompofed, an^ the alumine, 
with the colouring matter, would be precipitated with the 
jilr«*gs, which are afterwards feparated from the clear liquor ; 
fo that when the white of egg came to be added, the 
earth of the alum and a portion of the colouring matter, faid 
to be tarried down by the albumen, cannot be prefent. 
Should the procefs here given have any analogy to that 
which is pra6iifed, it would appear that the folution of 
cochineal in water has the white of egg added to it, in the 
iirfl in (lance, if it is at all necelTary, for the purpofe of 
clearing the coloured folution, a property for which that 
fubflance is remarkable. That after* the liquid becomes 
clear, and is feparated from the dregs, the carbonat of foda 
and alum are added, when a precipitate, confifting of the 
alumine united with the finer parts of the colouring matter, 
may be expeded. The remaining colouring matter, which is 
.of lefs beauty, is then ufed for the red lake. 

In (lead of ufing cochineal for making carmine, a much 
clearer colour may be extracted from the refufe of fcarlet 
cloth. The bits of cloth are boiled in a folution of pota(h, 
which extrafls the colour, and holds it in folution. If to 
this a certain portion of alum be added, the colouring mat- 
ter will be precipitated with the alumine, of a greater or lefs 
intenfity, pn^ortionate to the quantity of this earthy bafls. 
In Doflie's Handmaid to the Arts, we are told that the bed 
of tlie lakes commonly fold is made from the colour ex- 
traded from fcarlet rags, and depoflted on the cuttle-bone ; 
and that it may^ be prepared in the following manner ; dif- 
folve a pound of the beft pearl afhes in two quarts of water, 
and filter the Honor through paper ; add to this folution two 
more cmarts ot water, and a pound of clean fcarlet (hreds, 
and boil them in a pewter toiler, till the (hreds have loft 
their fcarlet colour ; take out the (hreds and prefs them, and 
put the coloured water yielded by them to the other: in 
the fame folution boil another pound of the (hreds, proceed- 
ing in the fame manner; and likewife a third and fourth 
pound. Whilft this is doing, dilTolve a pound and a half of 
cuttle- filh bone in a pound of ftrong aqua-fortis, in a glafs 
receiver, adding more of the bone, if it appear to produce 
any ebullition m the aqua<»fortis ; and pour this ftrained fo- 
lution gradually into the other ; but if any ebullition be oc- 
cafioned, more* of the cuttic-fifh bone muft be diflblved u 
before, and added, till no ebullition appears in the mixture. 
The crimfon {edxoient depoflted by the liquor thus prepared 
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is the lake : pour off the water, and ftir the lake in two 
gallons of hard fpring water, and mix the fediment in two 

g allons of fre(h water; let this method be repeated four or 
ve times. If no hard water can be procured, or the lake 
appears too purple, half an ounce of alum (hould be added 
to each quantity of water before it be ufed. Having thus 
fufiiciently freed the lake from the falts, drain off the water 
through a filter, covered with a worn linen cloth. When it 
has been drained to a proper drynefs, let it be dropped 
through a proper funnel oti clean boards, and the drof^ > 
will become fmall cones or pyramids, in which forn. t 
lake muft be fuflered to dry, and the preparation i. jm- 
pleted. 

Lakes are alfo made from madder and Brafil wood, ^hc 
former , is much more permanent than the latter, but i ;''' . 
not poflefs the fame beauty of tint. In order to make thcic 
lakes, ilrong infufions of thefe fubftances are firft obtained. 
The Brafil wood infufion is beft made by boiling the chips 
in pure water, and filtering the folution. (See Brasil 
The infufion of madder (fee MAODEit) is beft 
made in cold water, by which the pureft part of the colour 
is only difTolved. To each of thefe folutions arc added ^ 
clear folution of alum, and then as much of an alkali as will 
precipitate fo much of the alumine as will make the colour 
of the precipitate of proper intenfity. A fmall quantity of 
muriate of tin increafes the brilliancy of thefe lakes. 

A beautiful lake, it is faid (vbi infra)^ may be prepared 
from Brafil wood, by boiling three pounds of it, for an 
hour, in a folution of three pounds of common fait, in three 
gallons of water ; and filtering the hot flhid through paper, 
add to this a folution of five pounds of alum in three gallons 
of water. DifTolve three pounds of the beft pearl a(hes in a 
gallon and a half of water, and purify it by filtering ; put 
this gradually to the other, till the whole of the colour ap- 
pear to be precipitated, and the fluid be left clear and co- 
lourlefs. But if any appearance of purple be fecn, add a 
fre(h quantity of the folution of alum by degrees, till a fcar- 
let hue be produced. Then purfuc the direftions given in 
the firft procefs with regard to the fediment. If half a 
pound of feed-lac be added to the folution of pearl afhes, 
and difTolved in it before its purification by the fibre, and 
two pounds of the wood, and a proportional quantity of the 
common fait and water be ufed in the coloured folution, lake 
will be produced that will (land well in oil or water, but it 
is not fo tranfpareut in oil as without the feed- lac. The 
lake with Brafil wood may be alfo made by adding half an 
ounce of anotto to each pound of the wood ; but the anotto 
muft be difTolved in the folution of pearl afhes. There is a 
kind of beautiful lake brought from China ; but as it does 
not mix well with either water or oil, though it diffolves 
entirely in fpirir of wine, it is not of any ufe in our kinds 
of painting. This has been erroneoufly called fafflower* 
Handmaid to the Arts, vol. i. p. 6i, 5cc. 

In making yellow lakes, the coloured infufions muft be 
fuch as to make the moft permanent dye. (See Dyeiko.) 
The precipitation of the colour is performed preciftly in the 
fame way, and by the fame fubftances, as the red lakes. A 
very excellent yellow lake may be made from the infufion of 
quercitron hart* That from turmeric is very beautiful, but 
IS not permanent. The procefs for the making of this is as 
follows : take a pound ot turmeric-ruot in fine powder, three 
pints of water, and an ounce of fait of tartar ; put all into 
an earthen glased vefTel, and let them boil together over a 
clear, gentk fire, till the water appears highly impregnated 
with the root, and will ftaiu a paper to a oeautiful yellow. 
Filtre this lit^uor, and gradually add to it a ftrong folution 
of roch-alum la water, till the yellow matter is ail curdled 
together, and precipitated ; after this pour the whole into a 
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nitre of papcri and the water will run off and leave the yel- 
low matter behind. It is to be walhed many timce with 
frefli water, till the water comes off inftpid, and then is ob- 
tained the beautiful yellow, called laque of turmeric^ and ufed 
in paintinjr. 

In this manner mav a laque be made of any of the tinp^iag 
fubftances that are of a fomewhat ttrong texture, as madder, 
logwood, &c* ; but it will not fuccecd in the more tender 
fpecies, as the flowers of rofes, violets, &e. as it deftroys 
the nice arrangement of parts in thofe fubjefts, on which 
the colour depends. 

A yellow lake for painting is to be made from broom- 
flower in the following manner ; make a ley of pot-alhcs 
and lime reafonably ftrong ; in this boil, at a gentle Arc, 
frefh broom-flowers till they are white, the Icy having ex- 
trailed all their colour ; then take out the flowers, and put 
the ley to boil in earthen veffels ver the fire.; add as much 
alum as the liquor will diflblve ; then empty this ley into a 
veffel of clear water, and it will give a yellow colour at the 
bottom. Let all fettle, and decant off the clear liquor. 
Wafh this powder, whicli is found at the bottom, with 
more water, till all the falts of the ley are wafhed off then 


feparatc the yellow matter, and dry it in the lhade. It 
proves a very valuable yellow. 

All the lake colours are changed by acids and alkalies. 
All acid renders the red lake more fcarlet, and the yellow 
paler; while an^ilkali gives a purple tint to the red, and an 
orange or brown tint to the yellow. Artifts fometimes 
take advantage of this property to change their colours. 
The acid ufed for this purpofe fliould be the muriatic di- 
luted, and the alkali aqua ammonia. 

Lake, Orange^ is the tinging part of anotto pnreipitated 
together with the earth of alum. This pigment, which is 
of a bright orange colour, and fit for varnilh painting, where 
there is no fear of flying, and alfo for putting under cryftal 
to imitate the vinegar garnet, may be prepared by boiling 
four ounces of the befl. anotto and one pound of pearl-afties 
half an hour in a. gallon of water; and Itraining the folution 
through paper. Mix gradually with this a folution of a 
pound and a half of alum in anotlicr gallon of water ; dcfitt- 
ing, when no ebiiiiilion attends the commixture. Ti'eat the 
feciiment in the manner already direfled for other kinds of 
lake, and dry it in fquare bits or round lozenges. Hand- 
maid to the Arts, vol. i. p. no. 
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ij/VMJtSLTH, an extenfive parifh,* feated on the fou- 
thern baujc . ol the river Thames, in the hundred of 
Brixton, and county of Surrey, England. It is direfily 
oppofite to Weftminfter, to which city it is connefted by a 
handfome (lone bridge acrofs the river. The whole is 
bounded by Southwark to the ^aft, Newington Butts and 
Camberwell to the fouth, and Batterfea to the weft. The 
circumference is about i6 miles. In Domefday-book, it is 
laid to contain 2O5 plough-lands. At the beginning of the 
(eventcenth century, it appears, by the churchwaraens Ac- 
counts, to have coniifted of 1262 acres of arable land, 1026 
of paliure, 125 of meadow, 13 of ozier, 27 of garden 
ground, and 150 of wood, making in the w'hole 2603 j the 
commons and wafte land, fuppofed to be about 330 acre«, 
not being charged, will increafe it to 2933 acres. At pre- 
fent, the whole extent is about 4000 acrcti ; of which about 
1390 are occupied by houfes and other buildings, wharfs, 
manufaftories, ftreets, and roads; 415 by pleafure gardens, 
including thofe of Vauxhall ; 80 by market gardens ; ^00 
by farming gardens ; 40 by nurferies; 250 are now incloling 
from common > and 30 are to remain common. The pari(E 
is divided into fix liberties or precinils, refpeftivelv called 
the Bifliop’s, the Prince’s, Vauxhall, Mar(h and Wall, 
Lambcth-Dean, and Stockwell ; the whole containing, ac- 
cording to the return to parliament in the year 1800, C009 
houfes, and 27,985 inhabitants, of whom C14S were (tated 
to be employed in various trades and man^ifadures, and 955 
in agriculture. Archbifljop Hubert Walter obtained from 
king John a grant of a weekly market, and a fair of fifteen 
days, upon condition that the fame (hould not be detrimental 
to the interctts of the city of London. In the archbiftiop’i 


MS. library, is a ciiarttT from the city, fignifying their 
content, ilipiilating only, that the fair fliould begin on the 
morrow after the anniveifaiy of St. Poter ad vincula. The 
market and fair are both dilcontinued. The earlieft hiftori- 
cal faft on record relating to l.ambctli, is the death of Har- 
dicanutc, which happened lu iein the year 1041, while he 
was celebrating the marriage fcall of a noble Dane. Here 
alfo, Harold, w'ho tifurped the throne on the death of 
Edward the Confeflbr, is faid to have placed the crown on 
his head with his own hands. Henry HI. held a folcmn 
Chriftmas here in the year 1231; and a parliament on Sep- 
tember 14, ill the year following. A moll violent outrage 
was committed in Lambeth church, on Sunday February 19, 
1642-3. The ftory is varioufly told by the different parties; 
but It (lands on record as an inftance of the fatal cffcAs of 
civil difeord, from the outrages of which no jdace, however 
facred, is exempt. 

Of the archbifhop’s palace, the chief objeft of note in the 
paridi, It will be proper to ftate a few particulars. It is 
fituated near the river ; and is certainly a very large pile of 
building, exliibiting the architcftural Ityles of various ages. 
It appears that this palace was, in a great -Kieafure, if not 
w'holly, rebuilt by archbilhop Boniface in the year 1262. 
If any part of this ftnidure now remains, it is the chapel ; 
the archite£ture of which might induce one to aferihe it to a 
more early period. Under the chapel is a crypt, the arches 
of which are built with ftone, as is the chapel ; the roof of 
the latter is of wood and flat ; the windows tvere formerly 
of painted glafs, put up by cardinal Morton. In the chapel 
were interred the remains of archbilliop Parker. The great 
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liall waa rebuilt by archbifhop Juxton, after the civil wars, 
at an expence of 10,500/. It is 93 feet long by 38 wide ; 
and has a fine carved wooden roof. The guard room, built 
before the year 1428, has a roof fimilar to that of the halL 
Cardinal Pole is faid to have ere£led the long gallery, which 
meafures 90 feet by 16. In this room are feveral portraits 
of arehbiihopSf and other illuftrious charadlers. In the 
great dining-room, 38 feet by 19, arc alfo portraits of all 
the archbifhops from Laud to the prefent time ; this feries 
is particularly interefting, as, among other things, they (hew 
the gradual change of the clerical drefs, Archbifhop Til- 
lotfon was the iirft to wear a wig; which however refembled 
the natural hair, and was worn without powder. A noble 
library occupies four galleries, over a Imall quadrangular 
cloifter. The firft colYcttion of books was bequeathed by 
archbifhop Bancroft ; but thefe were feized in the civil wars, 
and though much injured, and fome loft, yet the chief ftock 
was reftored by archbifhop Juxton, after the reftoration. 
Archbifhops Sheldon, Tenifon, and Seeker augmented the 
library ; and the number of books is now fuppofed to be, 
at leaft, 25,000 volumes. In the windows is fome fine 

f ainted glafs. (See Brayley and Herbert’s Illuftrations of 
-ambeth Palace, 4to. 1806, for various views of this palace, 
and portraits, &c. from the painted glafs). The MS. 
library contains a large and valuable colleftlon of records and 
MSS. At the weft end of the chapel is a lofty building, 
called Lollards’ tower, built by archbifhop Chichele in the 
years 1434 and 1435. At the top is a fmall room called 
the prifon, in which it is faid the Lollards were confined. 
The gateway, and the adjoining tower, which are of brick, 
were built by archbifhop Morton about the year 1490. 
The gardens and park, which contain nearly thirteen acres, 
are laid out with great tafte ; they were much improved by 
the late archbifhop, who made a convenient accefs to the 
houfe, for carriages, through the park. It has been faid, 
but erroneoufly, that Stephen Langton is the firft archbifhop 
upon record who refided at Lambeth. Hubert Walter was 
there in 1198; and many of the public a<Jts of the metro- 
politan were performed at I..air.both prior to that period* 
Contiguous to the palace is the parlfh church, wliich was 
rebuilt between the years 1374 and 1377. The tower, 
which is of free-ftone, ftill remains ; the other parts of the 
prefent ftriifture appear to be about the age of Hen^ VII. 
The church now corififls of a nave, two aides, and a cn^cel. 
Two chapels, called Howard’s and Leigh’s, were built in 
1522 ; they were incorporated with the church when it wras 
repaired in 1769. Among the numerous fepiilchral me- 
morials in this church, thofe moft worthy notice are for the 
archbifhops Tenifon, Hutton, and Cornwallis, and a marble 
flab to the memory of the celebrated antiquary Elias 
Aflimnle. 

In this parifh are fituated the Afylum, inftitutcd m 1758, 
for the reception of female orphans ; and the Wcilminller 
Lying-in-Hofpital, built in 1769. 
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About the end of the feventeenth century, a manufaflure 
of plate glafs was eflablifhed at Vauxhall, in this parifli, 
under the patronage of the duke of Buckingham ; the prin- 
cipal artift was Roffetti. It was carried on with great 
fuccefs, and the glafs was thought to excel that made at 
Venice. (See Glass and Looking-glass.) The impor- 
tation of foreign timber, which for many years has formed 
a confiderable and important branch of our commerce, has 
been a fource of wealth to this parifh, where are feveral 
wharfs for that trade, fupplied with 'ftores which arc almoft 
incredible. At Vauxhall are fome very large diftillcrics, 
and feveral potteries ; the manufa£iure of ftone earthen- 
ware pots is faid to have been firft introduced here from 
Holland. On the feite of Cuper’s gardens (formerly a place 
of public entertainment,) are MefTrs. Beaufoy’s extenfive 
vinegar works. Mr. Pennant, who went over the premifes^ 
mentions a vefTel full of fweet wine, containing 58,100 gal- 
lons, and another full of vinegar, containing 56,799 gallofis | 
befides thefe enormous velTcls there are feveral others which 
contain from 32,50010 16,974 gallons each. In the year 
ty6c}f Mrs. Coade eftablifhcd in this parifli, near Weftminfter 
bridge, a mannfa6ture of artificial ftone, which is call in 
moulds and burnt. It is intended to anfwer the piirpofe of 
ftone, for every fpecies of ornamental architedlure, at a 
much cheaper rate than carving. Where it has been placed 
in expofed fituations it has been found to end re the froft. 
MefTrs. Watts have lately eflabhflied a inanufadlure of patent 
(hot in this parifh : the principle of making this fhot is, to 
let it fall from a great height into the waier, that.it may 
cool and harden in its paflage through the air, and thereby 
better retain its fpherical fhape. Tiie height of the tower 
at this manufadlory is about 140 feet ; the fliot falls 12^ 
feet fix inches. About the fame time Meffrs. Bolton, Mor- 
gan, and Co. eftabliflied a manufadbure here under the title 
of the woollen yarn company ; every branch of the clothing 
manufadlure, from forting the wool to making the doth, 
was carried on entirely by machinery ; but the undertaking 
was foon given up. About a century ago, there was a 
place of entertainment called I.*arnbeth Wudls, fituated in 
what is now called Lambeth Walk. A riding-fehool, for 
the exhibition of feats of horfemanfliip, was opened in thi« 
parifh about the year 1768, by Mr. Plnlip Aftley. At firft 
it was an open area; in 1780 it was converted into a covered 
amphitheatre, and divided into hoxe.s, pit, and gallery. 
Spring Gardens, Vauxhall, (which is mentioned in the Spec- 
tator as a place of great refort,) is open during the greater 
part of the fummer, being illuminated with a great number 
of lamps ; the entertainment confills of a concert of mufic, 
performed, in fine weather, in the open air ; the price of 
admiflion, till 1796, was one (hilling; it is now three (hillings, 
and open three times each week during the fummer months. 
Lyfons’s Environs of London, vol. i. 4to. 
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LAMP, an inftrument ufed for the combuftion of iiqnid 
inflammable bodiesi for the purpofe of 'producing artincial 
light. 

The moft Ample lamp confifts of a vefl'd of almoft any 
lhape, containing oil or alcohol, with a tube projeding a 
little above the furface of the liquid, and containing any 
Abroua fubHance capable of raifing the liquid to the top of 
the tube, by capUkry attraftion. The oil, thus raifed and 
(i’fufed through the fibrous fubftance, is fo detached from 
tlic main body of the liquid, as to admit of being heated to 
a temperature fufficient to volatilize the oil, the vapour of 
which, in a ftate of combuftion, conftitutes the flame of the 
lamp. 

In the management of the lamp of the moft fimple kind, 
fo far as relates to the fupply of oil, three things are necef« 
fary to be obferved. i. The wick muft^ be of fuch a fub- 
ilance as beft to promote capilla^ attradtion. a. It Ihould 
not be twifted too much, in whidi cafe its capadty for the 
oil is too little $ nor Ihoi^ it be fo loofe as to diminilh ma> 
terially its capillary attradlive power. This is frequently 
the cafe, w^ the wick has been too long immerfed in the 
oil. 3. 'With regard to the diftance of the flame from the 
fur&ce of the oil!— If the flame be too near the furface, a 
leffer quantity of oil will acquire the intenfe heat neceflary to 
raife it into vapour, fince the heat communicates with the 
fluk On the contrary, when the flame is too high above 
the ofl, the cwillary attradUon, which decreafn in fome 
ratio of the difnnees is infuffident to Afpir th^neceflary 
quantity of ml. 

Experience has long ago eftaUilhed, that cotton ii the 
beft medium for the trambuffion M the ml, udiich u pie* 
pu«d in a particular way for the purpole, 


During the flow combuftion of oil, as obferved in the 
common lamp, as well as that of tallow in candles, the fatty 
matter is decompefed, producing a quantity of vapour, 
which inflames in contan with oxygen ; and a cloudy ex> 
halation in the form of fmoke, confimng of numerous fm^ 

S articles of carbonaceous matter, which, if coUedled, con* 
itute the article called lamp^blimk. Befides the offenfive 
imell and appearance of this fubftance, there is an evident 
wafte of combuftible matter, capable of produdog both 
%ht and heat. 

The evil arifing from the fmoke and fmell of lamps waa 
formerly fo great, as to prevent their introdudion into do* 
meftic ufe, notwithftanding the ftrong inducement of con* 
venience and economy. 

The public have long been in pefl'eifion of a complete re* 
medy for this, and feveral other mfadvantages in lamps, by 
the invention of the Argand lamp. This invention embraces 
fo many improvements upon the common lamp, and has be* 
come io general throughout Europe, that it nsay be juftly 
ranked among the greateft difeoveries of the ue. As a 
fubftitute for the candle, it has the advantage oTgreat eco* 
nomyand convenience, with much greater oiilliancei and 
for the purpofe of producing heat, it is an inqiortant inftro* 
ment in the hands of the chemift. 

We may with fome propriety compare the common lamp 
and the candle to fire made in the open air, without any 
forced method of fupplying it with oxygen ) while the Ar* 
gand lamp may be compared to a fire in a ftmiace, in whidh 
a rapid fupply of oxygen u fu^flied by the velocity of the 
aicending current. T^s, however, is not ^ only adran* 
tage of this valuable invention. It is obvious that if the 
combttftiUe vapour occupies a confidetable area, the oxy* 
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«n of the atmofphere cannot combine with the vapour in 
tne middle part of the afeending column. The oiitfide, 
therefore^ is the only part which enters into combuftion ; 
the middle conftituting fmoke. This evil is obviated in the 
Argand lamp, by dircAing a current of atmofpheric air 
through the flame, whicli, inftead of being raifed from a 
folid wick, is produced from a circular one, which for- 
rounds the tube through which the air afeends. Before we 
enter more fully into the merits of the Argand lamp, we (hall 
give a defeription of it, with reference to drawings of its 
different parts. Thefe drawings are taken from the lamps 
of modem conllruAion, which have recently been much im- 
proved. The wick is now raifed by a ferew, inftead of the 
rack and pinion ; which is fo great an improvement upon 
the latter, both in fimplicity and convenience, that it is be- 
coming general. 

Fig* 1. i^Plate Lamps) is a view of the lamp complete, to a 
fcale of one-third the real (ize. A is a refervoir, which is 
on the principle of the bird-fountain, keeping the oil always 
at the fame height in the burner B, through the communi- 
cation C. 

The burner B is compofed of three tubes, and #. 

The two firft are fecn in feAion only ; while the whole of 
one fide of c is feen. 

Fig* 2. The tube c is foldered into the bottom of the 
tube /I, and open throughout, communicating with the re- 
ceptacle D, which ferews on the outfide of the tube a, and 
ferves at once to catch the oil which may accidentally run 
over the tube a» and admit the air through the apertures 
n, which has to afeend through the tube c* 

The oil which comes in through C will occupy the ca- 
vity g bf between the exterior furface of the tube r, and the 
interior of a, which muft, of courfe, rife to the height of 
the aperture /, in the refervoir A, as fecn 3. The part 
dci Jig* 2| called the bucket, is a (lion tube to receive the 
circular wick. This part is feen in Jig. 4, with the wick 
upon it, d f* It is made to work freely upon the tube e. 
The latter has a fpiral groove cut upon it, into which a pin 
at 0 enters ; fo that when the bucket is turned round by a 
catch r, which works in a longitudinal (lit in by it will be raifed 
or lowered by turning the tube b in different direAioni, and 
is, therefore, the means of raifing or lowering the wick. 

A wire, j, is attached to the tube which bends down 
parallel to, and touching the outfide of, the tube «• The 
part klx%y?iX.^ upon the tube a. The part / is provided 
with (hallow fides to receive the glafs E, and is conneAed 
with a ring y, by wires jr, %fjig- i* The whole of this part 
turns with the glafs E, and at the fame time carries round 
the tube b, by means of the wire /, which is conneAed to 
i / and y, for the purpofe of raifing or lowering the wick. 
When oil is to be introduced into the refervoir, A is ferew- 
ed off, and inverted. The aperture Jig, 3, is then opened, 
by pulhing down the Aiding focket w, which ought to fit 
the interior cylinder pretty accurately. The globe muft 
now be filled at the hole / : the focket v is next pulled over 
the hole. The ball may now be held in an ereA pofition, 
and replaced in the lamp ; after which the focket v may be 
pu(hed below the hole /, by means of the handle w. The 
oil will now rife to a height in F, and in B, till it reaches 
the higher part of the aperture /, Jg, 3, and will maintain 
the fame height till the oil in the globe gets to the fame 
level. The reafon of this hydroftatical phenomenon will be 
eafily perceived. When the oil in B and F gets a little 
below the aperture /, a bubble of air enters and afeends into 
th^lobe, the fame quantity of oil defeending to give it place. 
This refervoir, although it is fully fitted for giving a re* 
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gular fupply of oil, is attended with one difagreeable pro-^ 
perty. The air in the upper part of the globe Icing much 
moic expanlihle by h^-at than liquid bodies in a warm room, 
its fpring becomes grea' cr than the preffure of the exterior 
air ; in confequence of which, the oil is apt to flow over 
the tube a, and liable fometimes to overflow the veffel D, 
Another difadvantage is alfo attendant on this bulky refer- 
voir. When the lamp is ufed on a table, the fhadow renders 
one fide of it ufelefs. The above inconveniences in the 
Argand-Ump have been, in fome meafure, obviated by the 
invention of Mr. Peter Kier of Kenti(h Town. He raifed 
the oil by means of a column of a heavier fluid. In the 
plate, Jgs. 5 and 6, are exhibited an elevation and feAion 
of one oi thefe lamps ; the feAion only requires to be ex- 
plained. From the (lender figure of the vafe, it is evident 
that the flame is permitted to throw its light in all direAions, 
downwards and upwards, nearly in the fame mann^-'r as a 
candle. The interior part is divided into feveral compart- 
ments by the diaphragms at F and C. The fpace A A 
above F is open to the atmo^here ; but the fpac e B B, 
beneath C, is clofe. A tube F G proceeds from the fpace 
A A to the fpace B B, fo as to reach nearly to the bottom at 
G, and another tube, C D, proceeds from B B upwards 
through A A, without communicating with this laft fpace, 
and is enlarged at the upper part, fo as to receive a wick 
with the apparatus of Argand, or any other. A folution of 
fca-falt, or the mother water of fait, being firft poured in, 
by meafure, at E, flows down the tube into B B, and fills that 
fpace. A like meafure of oil is next poured, which alfo de- 
feends into B B, and forces the denfe faline liquor upwards 
through G F into the fpace A A. The fpecinc gravity of 
this laft is abutted by dilution ; fo that when the fpace A A 
is properly filled, the oil fliall ftand in equilibrio at the rc- 
quifite height near E, viz. the furfaces in A and at E 
are elevated above the lower orifice at G, in the inverfc 
proportion of the fpecific gravities. 

This proportio 1 is iifually about three to four ; fo that 
if any of the oil taken away from E by combuftion, or 
otherwife, there will be a fubfidence of the heavy fluid in 
A A to preferve the equilibrium ; and during the whole 
fubfidence in A A, there will be a correfpondent depreflion 
of the upper furface of oil, near E, wliich will be meafured 
by four-third parts of the firft elevation of the denfe fluid 
above the partition F D. Now, the fall in A A may be 
rendered very fmall, by enlarging the d imeter of the veffel 
at that part, and at B B ; and the elevation of E above A, 
and, confequentlv, the infulation of the radiant flame, may 
be governed at plcafure by prolonging the interval DC. 

It is polTible, in the manipulation of this lamp, that fome 
oil, or pieces of fnuff, may fall into the fpace A A, and 
float upon the liquid. This effeA is, to a certain extent, 
beneficial, hecaufe the covering of oil prevents evaporation ; 
but if this (hould require to be remedied, it is eafily done, 
by pouring the whole contents of the lafnp into a bafin, and 
after a few moments repofe, or ftraiiiing, returning theliq^iids 
again into the lamp at £ by a fyphon, or funnel, in which 
they will take their proper places by means of their relative 
weights. We may recapitulate the good qualities of this 
lamp in a few words. 1 • It is capaUe of any form or ap- 
paratus for the burners. 2. It prefents no obftacle to in- 
tercept the emitted light. And, 3. As it raifes the oil by 
the mere gravitation of a non-elaftic fluid, it cannot, in any 
cafe, like the fountain lamp, raife more than is wanted. 

A great variety of other lamps are at prefent expofed for 
fale, having different means of fupplying the oil, but none 
fo fuffici^ntly ftriking as to merit minute defeription. 
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The erand and moft eflential properticft of the lamp are 
confinecf to the means of fupplying the flame with oxygen, fo 
as to produce the moft perK»6l combuftion, and for which 
we are almoft entirely indebted to Argand^ We ihall there* 
fore conclude this article with fome remarks upon the merits 
of this valuable invention, and fliew in what inftances it has 
been improved in its moft eflential points. 

In the original lamp of Argand, a perpendicular column of 
air was perpetually afcending through the glafs chimney of 
tile lamp ; one part of it paffing through the central tube 
Jigs, t and 2 ; and the reft through the holes q and m, round 
the circular plate I /. This part was formerly a cylinder ex- 
tending down to the receptacle D. 

With this perpendicular current alone» it is well known 
that the Argand lamp would not bum njnhak a/V, and the pu- 
riflcation of this oil, to render it fit for the purpofe, became a 
defideratum, on account of the high price of the fpermaceti 
oil. This great objedl was not accompliflied by purifying 
the odi but an improvement was made in the lamp itfelt, 
which effeftually anfwered the defired purpofe. For this 
difcovcry we are indebted to an ingenious and fcientific ma- 
nufadurer of Derby. It is curious to obferve, however, 
that no advantage was taken of this invention for twenty years, 
during which time it had been ufed in the cotton mills of this 
difeoverer, and now the fame end is accompliflied by a fimpler 
contrivance. The above improvement confifted in placing 
over the mouth of the tube c a plate of metal about the dia- 
meter of the tube, and at fuch a height as to be a little fliort 
of the apex of the flame. By this means the afcending co- 
lumn of air was turned out of its perpendicular courfe, and 
thrown immediately into that part of the flame where the 
fmoke was formed, and which, by this means, was com- 
pletely confumed, producing at the fame time a more than 
ordinary brilliant light. 

The fame effeft is now produced by the fliape of the lamp 
glafs £, in the figures already alluded to. The exterior 
current of air which enters the holes ir, &c. rifes with a 
velocity proportioned to the length of the glafs chimney, and 
to the rarefadion of air in the fame, ftrikes upon the flioulders 
N and 0 , by which it is propelled into the upper part of the 
flame. This happy form in the glafs appears to have been 
the rcfult of accident. Had the manufadurcr been aware of 
its importance, it would have either been the fubjed of a pa- 
tent, or at leaft flrongly recommended to the public in the 
way of puffing. We fee at the prefent time different fhaped 
glaffcs, lome of which arc rather worfe than the original plan, 
inftead of improvements. 

The theory of the adion of the chimney lamp, is fo nearly 
allied to the principles of furnaces, which we have given under 
that article, that the reader will no doubt get lome ufeful 
hints, relative to the conftruftion of lamps, by perufing the 
fame. 

The hydro-pneumatic lamp is conftruded upon fimilar 
principles to the celebrated water engine ereded by father 
Hell, at Chremuitz, in Hungary ; the defeent of om dmlf 
of the fluid to a certain depth below the fource, raifes the 
other half an equal height above the fource. Tliis principle 
has been, with great fuccefs, applied to the lamp, wc believe 
at firft by the French, but has lately been brought to per- 
fedion by Mr. R. W. King, of Holborn, who manufadures 
thefe articles. Figs, i, 2, and 3, of Plate II. explain the con- 
ftru^on of this ingenious contrivance. Figs, i and 3 are 
fedions to which our defeription will principafiy apply ; A A 
is a cylindrical veffel, divided by horizontal p^itions into 
four chambers, vi%, B, C, D, and £. The upper'' one, B,‘i8 to 
contain the oi} which is for the immediate fupply of the 


flame : the next, C, is for the portion of oil which defeends 
into the inferior chamber £, through the pipe a, and forces 
the contained air uip through the pipe by into the upper 
chamber B, and preifing upon the furface of tlie oil contained 
therein, caufes it to afeend the pipe </, to the lamp F, 
which is on Argand’s principle, and of the fame conftru6Uon 
as before explained : r is a pipe to condud the external air 
down into the chamber C ; and / is a pipe to convey the 
wafte oil, which may drip down from the lamp, into the mid- 
dle chamber D, which is merely a refervoir for fuch wafte 
oil. G is a tube pairing down to the fecond chamber C, to 
fill it with oil ; it is clofed at pleafure by an air-tight plug bf 
fitling into the end of it ; the lower orifice of the pipe % is 
clofed by a piece of hat i, ading as a valve, which is Ihut by 
a fpiral fpring beneath it, but opened by a wire pafling down 
the tube and alfo through the filling tube G, the plug of 
which, when in its place, preffes down the v.ire, ar‘d opens 
the valve : fuppofe the plug removed, the fpring will c’ofe 
the val\ e i. Oil is now poured in at the end of the pipe G ; it 
runs 2 own into the chamber C, and fills it, then rifes in the 
pipe, which having a hole in one fide, near its upper end, the 
oil alfo flows into, and fills, the upper chamber B. The plug 
h is now inferted into its place ; tJiis fliurs off the communi- 
cation of the open air, both with the chambers B and C, but 
depreffmg the wire, as before explained, opens the valve i, 
and the oil in th&middlc chamber C defeends, by its gravity, 
through ay as (hewn by the arrow, and enters the lower 
chamber E, from which it expels the air by the pipe by into 
the chamber B. The end of this pipe being covered by an in- 
verted hood, the air afeends by bubbles, through the oil, 
into the top of the chamber, and prefling on the furface of 
the oil, forces it up the pipe dy to the lamp in which it flands 
at the level of the dotted line ly at which level it will evi- 
dently continue, till the upper chamber is exhaufted, and the 
contents of C defeended into E. The lamp is now repleniflied 
by the following means ; the whole apparatus is inverted, as 
(hewn in Jig. 3 ; the oil now runs down the pipe b, and filling 
its hood, flows over into the upper chamber B, which it 
fills, the atmofpheric air entering the pipe rinto the chamber 
C, and thence by the pipe a into the chamber E, the air 
contained in the chamber B efcaping at the pipe d. The 
lamp is held inverted for about a minute, and is then fet 
upright. Frefti oil is now poured in at the plug by to fill the 
fecond chamber C, and then the plug being put in, the above 
operation is repeated. 

By this ingenious application of the principles of hy- 
droftatics, the lamp F is conftanily fupplied with oil at pre- 
cifcly the fame level, which does not vary by any diminution 
of the quantity of oil, or by the expanfion of the air by heat, 
as in the fountain lamp, the included air being only applied 
as the medium to tranfmit the preffure of one column of oil, 
from C to £ to a£i upon, and raife a fimilar column from B 
to the dotted line k. The lamp is furnifhed with a glafs chim- 
ney H, fimilar to that before deferibed, and for fome pur- 
pofes this is furrounded by a glafs globe K, ground within- 
lide to take off the glare of the light. The cylindric veflel 
A A is included in an elegant columnar pedcffal, (hewn in 
Jig. 2, where the ring L is that which is turned round to ele- 
vate the wick. Fig. 4. is a cap to cover the top, when the 
glafs chimney is removed. The principal objection to this 
lamp, as originally conftrufted, was, that after inverting it, 
the oil would, in certain pofitions of the lamp, return down 
the pipe, and fill the lower chamber again, in which ftate it 
would not burn. Mr. King has completely remedied this, by 
bringing all the tubes, except the air and filling tubes, as 
near as poifible into the centre of the lamp. Lamps of this 
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kind have been made to contain a fufiiciency of oil to laft two 
months, the veflel having the appearance of an elegant pe- 
deftal to ornament a hall or (laircafe. 

A patent lamp, invented by John Barton, ef<f. is deli- 
neated in Jig. 5. of our plate; it is contrived fo as to always 
have a fup^y of oil maintained at a level, very near the 
point of combuftion, by floating the oil upon a fluid of greater 
Ipecific gravity. The oil is contained in a cylindrical veflel 
Afjig, 5, having a pipe, B, extending upwards from it to the 
burners at n, n, a, where the wicks are placed. The bottom 
of the veflel takes off with a fcrew joint, fimilar to a fnaff-box, 
that the infide of the veflel may be cleaned ; and in the ccn- 
trc of the bottom is an aperture of about half an inch in 
diameter always open. This oil-veflel is immerfed in a heavier 
fluid, contained within the external veflel D E F G. A float 
is attached to the oil-veflel at H, and another, in addition to 
it, is fixed to the tube B at I. In this fit nation of things, the 
column of heavy fluid, (which may be fait water,) from its 
furfacc at c to J, where the oil preffes upon it, (through the 
hole in the bottom of the oil-veflel,) will fupport a column 
of oil, of a greater height, in proportion lo the difference 
of their fpecific gravities, from up to r for inllancc, 
within an inch ot the burners a, which is a fufH- 
ciently fmall diflance for the capillary attradiion to draw up 
a fupply of oil to the wick. As the oil diminifhes by burn- 
ing, the water enters the hole in the bottom of the oil-veflel, 
and ftill continues to fupport the column of oil, as at firfl, 
the oil-veflel floating in the water by the floats at H and I. 
By this means it is freed from the inconvenience we have be- 
fore aferibed to Mr. Kier’s lamp, becaufe the burners de- 
feend as the oil is confumed ; and therefore, though the oil 
is not maintained at the fame identical level, yet, with re- 
fpeft to the burners, it is always at the fame di (lance below 
their wicks. The external veflel unferews at F, to get in 
the oil-veflel A. The enlarged part or vafe D, at the top, 
fhould contain very nearly, but not quite, as much as the oil- 
veflel. In preparing the lamp, the external veflel is firfl 
filled with the water (poured in at the top of the vafe D) 
as high as E : the oil-veflel is now full of water, and refts 
upon the bottom, becaufe the upper float I is not fupported. 
The oil, being poured in at the top of the tube B, ejtpels 
the water from the veflel, and fills it at the fame time, ndfing 
the water in the vafe D, and floating the oil-vefleU In this 
Hate the lamp will continue, with the oil (landing at<, until 
it is all confumed. 

A very lirnple and efficacious lamp has been lately prefent- 
ed to the public, under the title of the Automaton lamp, 
having fomething ingenious in the manner of fupplying it 
with oil. We have given three figures of it at Jigs. 6, 7, 8, 
of the laft plate; it confifts of a tin box, abed^ with a 
burner confiding of two wicks of cotton at a. The box 
is fufpended upon pivots at entering eyes in the wire 

which is fimilar to the fufpenfion part of a fcale-beam. 
When this lamp is full of oil, which is poured in it it 
afliimes the horizontal polition^. 6, becaufe the mafs of oil, 
ab edf i^ chiefly fituated behind the centre and glances 
the weight of the wick at d ; but as the oil diminifhes by 
burning, the weight behind the centre is leflened, whild that 
of the wick continues without alteration. This occafions the 
lamp to librate, as \njigs. 7 and 8, fo that the oil is always 
kept very near the wick, by which means it will bum oil 
which is too impure for thb capillary adion of a common 
lamp. The nicety of its performance depends upon the figure 
of the veffel, and the place of the centre e correfponding 
with the weight of the tubes at d. This, the makers have by 
experience determined to the greateft accuracy. 
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The Automaton lamp is in very general ufe in the north 
of England in cotton-milb, and other manufadories where 
the gas-lights are not introduced, which is undoubtedly the 
bed method. 

Lamp, Cardan*s^ is a contrivance of. an author of that 
name, which fumifhes itfelf with its own oil. 

It confids of a little column of brafs, tin, or the like, well 
clofed every where, excepting a fmall aperture at bottom, 
in the middle of a little gullet or canal, where the wick is 
placed. 

Here the oil cannot get out, but in proportion as it wades, 
and fo opens the paflage of that little aperture. 

This kind of lamp was much in ufe fome years ago ; but 
it has feveral inconveniences : fuch as that the air gets into 
it by darts and gluts ; and that when the air in the cavity 
comes to be muen rarefied by hCat, it drives out too much 
oil, fo as fometimes to extingiiifli the lamp. 

Di*. Hook, and Mr. Boyle, have invented other lamps 
that have all the conveniences of Cardan's without the incon- 
veniences. 

The flame in a lamp never confumes the wick, till the 
wick be expofed to the air by the flame’s falling downward ; 
and from thence it may be inferred, that a way found out 
to keep the fuel, and confequently the flame, at the fame 
height upon the wick, would make it lall a long time. 
Many ways have been devifed to arrive at this, but it feems 
only poflible lo be done, in any degree of pcrfe6lion, by 
hydroflatics. Thus, let a lamp be made two or three inches 
deep, with a pipe coming from the bottom altnod as high as 
the top of the veflel ; let it be filled fo high with water, as 
to cover the hole of the pipe at the bottom, to the end that 
the oil may not get in at the pipe, and fo be lod. Then 
let the oil be poured in, fo as to fill the veflel almod brim- 
ful, which mud have a cover, pierced with as many holes 
as there arc wicks defigned. When the veflel is thus filled, 
and the wicks arc lighted, if water falls in by drops at the 
pipes, it will always keep the oil at the fame height, or very 
near ; the weight of the water being to that of the oil as 
20|*t to 19, which in two or three inches makes no great 
difference. If the water runs fader than the oil walles, it 
will only run over at the top of the pipe, and what does not 
run over will come under the oil, and keep it at the fame 
height. Phih Tranf. No. 245, p. 388. 

The accefs of air is of the greated importance in every 
procefs of combudion. When a lamp is fitted up with a 
very flender wick, the flame is fmall and of a very brilliant 
white colour : if the wick be larger, the combuflion is lefs 
perfeft, and the flame is brown : a dill larger wick not 
only exhibits a brown flame, but the lower internal part ap- 
pears dark, and is occupied by a portion of volatilized 
matter, which docs not become ignited until it has afeended 
towards the point. When the wick is either very large or 
very long, part of this matter efcapes combudion, and fliews 
itfelf in the form of coal or fmoke. The different intenfity 
of the ignition of flame, according to a greater or lefs fup- 
ply of air, is remarkably feen by placing a lamp wdth a 
fmall wick beneath a (hade of glafs, not perfeftly clofed 
below, and more or lefs covered above. While the current 
of air through the glafs (hade is perfeftly free, the flame is 
white ; but in proportion as the aperture above is dimi- 
niflied, the flames become brown, long, wavering, and 
fmoky ; it indantly recovers its original wbitenefs when the 
opening is again enlarged. The inconvenience of a thick 
wick 1^8 been long fince obferved, and attempts have been 
made to remove it ; in fome indances by fubdituting a num- 
ber of fm^li wicks indcad of a larger ; and in others, by 
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making the wick flat inftead of cylindrical. The moft fei- 
entific improTcment of this kind it the lamp of Argindy 
deferibed in the preceding part of this article. In this the 
wick forms a hollow cylinder or tube* which Aides over an« 
other tube of metaly fo as to afford an adjuftment with 
regard to its length : when this wick is lighted, the flame 
itfelf has the figure of a thin tube, to the inner as well as 
the outer furface of which the air has accefs from below. 
And a cylindrical fhade of glafs ferves to keep the flame 
lleady, and in a certain degree to accelerate the current of 
air. The inconvenience of a long wick, which fupplies 
more oil than the volume of flame is capable of burningi 
and which confequently emits fmoke, is feen at once by 
raifing the wick ; and on the other hand, the effed of a 
fhort wick, which affords a diminutive flame merely for 
want of a fufficient fupply of combuflible matter, is ob« 
fervable by the contrary procefs. The moil obvious incon* 
venience of lamps in general, arifes from the fluidity of the 
combuilible material, which requires a veffel adapted to con- 
tain it, and even in the bed conilruded lamps is more or 
lefs liable to be fpiUed. When the wick of a lamp is once 
adjufted as to> its length, the flame continues nearly in the 
fame ftate for a very coniiderable time. Nicholfon's Jour- 
nal, vol. i. 4to. 

By 17 Geo. II. cap. 29. a convenient number of glafs 
lamps (lull be put in fuch places of the city of London, 
as the mayor, aldermen, and commonalty fliall think fit ; 
to be kept lighted and burning from fun.fet to fun-rifing 
throughout the year ; and rates fhall be made not exceed- 
ing 6 d. in the pound, nor above 50/. a year on any one 
perfon, for defraying the charges of them. £v«ry aider- 
man, with confent of his deputy and common council, may 
contrad yearly for the fetting up lamps, and their lighting, 
trimming, &c. and perfons malicioufly breaking down or 
extinguiihing the lamp, (hall forfeit 40/. for the firft offence ; 
501. for the fecond ; and 3/. for the third, lewable by juf- 
tices, or to be fent to the houfe of corredion. By itat. 
II. Geo. III. c. 29. for paving and lighting London,rthe wil- 
fully breaking or extinguiflung of any lanm incurs the pe- 
nalty of 201. for each lamp or light denroyed or extin- 
guifhed. None but Britifh oil is to oe ufed for lamps in pri- 
vate houfes, under penalty of 40/. 8 Ann. cap. 9. 

The ufe of lighted lamps in churches, and places of de- 
votion, is very ancient. In the city of Fez is a mofquc, 
wherein are 900 brazen lamps burning every night. In 
Turkey, all the illuminations are made only with lamps. 
Polydore Virgil afcribes the hrft invention of lamps to the 
Egyptians ; and Herodotus deferibes a feaft of lamps held 
annually in Egypt. 

Kircher (hews the manner of preparing lamps, which (Itall 
diffufe a light fo difpofed, as to make the faces of thofe pre- 
fent appear black, blue, red, or of any other colour. 

There has been a great difpute among the learned about 
the fepulchral lamps of the ancients : lome maintain, they 
had the fecret of making lamps that were inextingui(hable, 
alleging feveral that have been found burning, at the opening of 
toinbs fifteen or (iXteen hundred years old. But ot^rs treat 
thefe relations as fiibles ; and others think, that the lamps, 
which were before extinguiflied, took light afre(h upon the 
•dmiffion of frelh air. 

Dr. Plott, however, is of opinion, fuch perpetual lamps 
are things pradicabk, and has nsmfelf made feme propofals 
of this Jtiad. The 'linum albeftinum, he thinks, may do 
pretty well for the wick, and that the naphtha, or liquid 
bitumen, conftantly fpringing into fomc of the coal-mines, 
would anfwer for the oiL 

If the a(keftos will not make a perpetual wkk, he thinks 
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there is no matter in the world that will ; and argues, that 
the tradition of fuch lamps mtift be fabulous, or elfe that 
th^ made them witliout wicks. 

Such a lamp he thinks it poflible to make of the bitumen 
fpringing into the coal-mines at Pitchford, in Shrop(hue $ 
which, he fays, like other liquid bitumen, bum without 
a wick. 

Thofe lamps that kindle on the immiflton of fre(h air, the 
fame author thinks, might be imitated by inclofing fome of 
the liquid phofphorus in the recipient of an air-pump; which, 
under thole circumfiances, will not (bine at all; but on let- 
ting the air into the recipient, there will poffibly, fays he, 
appear as good a perpetual lamp as fome that have been 
found in the fepulchres of the ancients. 

Lamp, RoHingt in Mechanics^ is a lamp A B {Plate I. 
Lan^Si Jig. 7. ) that has within it the two moveable circles 
D £ and F G, whofe common centre of motion is at 
K, where their axes of motion crofs one another, in 
which point alfo is tlieir common centre of gravity. If to 
the inward circle you join withinfide the lamp K C, made 
pretty heavy, and moveable abont its axis H I, whofe centre 
of gmvity is at C, the common centre of gravity of the 
whole machine will fall between K and C, and by reafon of 
the pivots A, B, D, £, H, I, will be always at liberty to 
defeend ; and, therefore, let the whole lamp be rolled along 
the ground, or moved in any manner, the name will always 
be uppermoft, and the oil cannot be fpilt. In this manner 
the compafs is hung at fea ; and thus (hould all the moon- 
latithorns be made that are carried upon a pole before coaches 
or carriages which travel in the night. Defag. Exp. Phil, 
vol. i. p. 57. 

l^AUV^laek. Of this kind there are two forts ; one of 
which is the light foot, obtained from burning pine and 
other refinous wood ; and another, which is the heavy black, 
obtained by calcining bones in clofe veffels. See Black. 
See alfo Bone and Charcoal. 

l*Auv-hlowers are perfons who form various articles 
of glafs for toys, and for more important philofophical 
purpofes, from tubes, flee, by means ot the blow^fipe ,* which 
lee. 

The apparatus of thefe artifts confilts of a folid table, 
to the bottom of which is fixed a double bellows with a 
foot-board, from which proceeds a pipe that condufls the 
bUil to the lamp. This lamp is a large bundle of cotton 
threads, placed in a tin velTel in the fhape of a horfe-fhoe, 
and fuppned by lumps of tallow depolited by it, and puihed 
into the flame as the continued combuftion requires. The 
fmoke is conveyed away by a fmall chimney fufpended over 
the lamp. The blafi-pipe in front of the table, at which 
the artiil is feated, drives the jet of flame away from him, 
fo that he fuffers no inconvenience from it* 

The other articles of his apparatus are glafs tubes of 
various dimenfions, and two or three very fimple iron tools, 
fuch as a fmall forceps, files, flee. The flame in full vigour 
is about four inches in length, which near its extremity is of a 
clear light blue, when it is th^ hotteft, and beyond of a pale 
yellow. The tubes, before the operation commences, are 
vrell dried, fo as to be quite free from moifture. They are 
then gndually heated by being firft held in the flame of the 
lamp without blowing, and then at the edge of the outer 
yellow part of the jet of flame, and flowly brought to a ftate 
of fuflon. The flame is fuffictentlv ftrong to bring to a 
very white-red heat a folid mafs of glafs, about the fize of a 
playing marble, or even larger ; and this, when blown out 
very thin, will make a bulb of lint capacity of three aunces^ 
which is nearly the extent of the power of the common 
lamp-blouing. The bulbs for thennomctcri ind other phi- 
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lofophicil purpofei are much lefs. (Aikin’s Did. vol. i. 
•rt. Glafs.) For an account of the operation of hermetic^ 
fealing* p^ormed by the lamp.bIowers, fee Hermetical 
Staling. For bending and joining glafs-tube^ forming 
buibi to tubeSi and ginning out ^afs’threadsy fee Tubei 
ThermometeRi and threads. 

Lamp furuaee, is a furnace, in which the hea', is produced 
and maintained by tlie flame of a lamp introduced witUn it. 
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This furnace has no occafion for an a(h>hole, a grate, or a 
fiie'place. It has only one opening below, through which 
the lamp is introduced, and a kind of fmall chimney in its 
upper and lateral part, for circulation of air, to keep up the 
flame of the lamp, and to give vent to the fmoke. For the 
deicription ef an improved furnace of this kind, fee 
Lewis’s Com. Phil. Techn. p. 29. See Furnace. 









Lanarkshire 


LANARKSHIRE, an inland connty in the fouth of 
Scotland, is frequently denominated ClydefMe^ from th^. 
river Clyde, which flovrs through it longitudinally in a wind- 
ing courfe of more than fixty miles. The fituation of this 
county iB between 55 ^22' and 55 ^^58' north latitude, and 
between 3^ 15' and 4" 19' weft longitude. It is bounded 
by Dumfries-lhire on the fouth, by the Ihircs of Ayr and 
Renfrew on the weft, by the counties of Dun. barton and 
Stirling on the north, and by thofe of Idnlithgo/f, Edin- 


burgh , and ’Peebles on the eatt. Its length from north to fouth. 
is about forty.fevcn miles, and its breadth nearly thirty-two. 
The parilhes it contains are forty-eight in number, inhabited, 
according to the parliamentary returns in 1800, by a popu- 
lation of 150,690 perfons. The furface contents arc 927 
fjuare miles, or 593,280 ftatute acres. Lanarkftiire an- 
ciently formed a great portion of one of the principalities 
into which Scotland was divided at the time of the Roman 
invafion* The name given to this kingdom was Strathclyde, 
which comprehended, befides the county of Lanark, thofe 



LANARKSHIRE 

of Stirling, Dumbarton, and Renfrew. This fhirc is divided 
into three diftrids, or wards, formerly known by the appel- 
lations of Clydefdale, Douglafdale, and Avondale, but tnefe 
are now more frequently termed the upper, middle, and 
lower wards. Each of thcfe diftrids is fubjed to the parti* 
ciilar jurifdidion of a fublUtutc appointed by the fheriff-de- 
piiteof the county. 

Wiihrefp*6t to the foil zxiA a^arance of this county, 
t : upper parts of it, except irt the vicinity of the Clyde, 
ai 2 fo hilly and mooriOi, as fcarcely to be fufceptible of any 
iii provemen' from agriculture. .The elevation of the hills 
ib ii. general very great ; fome of them rife to the height of 
600 fcLi above the level of the fea. NotwithlUnding this, 
th /y exhibit but little grandeur, the perception of their fize 
and altitude being much mcydiiied by the elofenefs with which 
they are crowded together. I'he chief part of the arable 
lands in the upper diltridt, lies in the parifhes adjoining to 
the hill of Tintoe, round which the Clyde flows with a flow 
and gentle current, wafliing, in its courfe to Lanark, twelve 
miles of the fi-ieft meadow- lields in Scotland. In the neigh- 
bourhood of Biggar, one of the towns in this diflri^^, the 
foil is uncommonly rich and fertile. This fertility is in 
many places principally owing to the inundations of the 
Clyde, which are likcwife often the fource of irreparable da- 
mage, by carrying off, not only the crops, but even the 
very foil it had formerly enriched. Proceeding down the river, 
the foil IS found to be dry, ‘ight, and friable, but lefs pro- 
dudlive than in the vicinity of Ibntoc. Carlicke panfh is of 
a clayey foil, but excellent in quality. This parifh, and in- 
deed all the parifhes fituated along the river, are particularly 
diiiinguifhed for the ricliuefs a"d variety of their fcencry. 
Within this diftri£t are the falls of the Clyde, celebrated both 
by the poet and the painter. Above, as well as below thefe 
falls, tlie ban kb of the river are adorned with numerous 
country feats, and villages filled with ludullrious inhabitants. 

The middie ward, or diftri£t of this county, is not nearly 
fo elevated as that above mentioned. When viewed from 
any conlidcrable lieight, indeed, it has the appearance of a 
level country, though in fait it is much diverfified with h:ll 
and dale, the former being much lefs abundant than thelaUer. 
The foil of this ward is in general of a clayey texture, and 
within fix miles of the river extremely fertile. The feenery 
here is no lefs beautiful than that of the upper ward, the 
banks of the Clyde being covered with hamlets, orchards, 
and plantations of various kinds ; beyond the range of fix 
miles, however, the country is of a very different defertp- 
tion. It is fuppofed that there are not lefs than 40,000 
acres of mofs-land within this dillri^l, and fuch fpots as are 
free from that covering, difplay a foft clayey foil, formed 
from a fort of hard clay, lamellated in a horizontal direction, 
which is called by the farmers /i 7 /, and is known to mineralu- 
gifts by the name of fcliillus. 

The lower ward is extremely limited in extent, but may rank 
as the moll important of the three, on account of its containing 
tlie city of Glafgow, which is juflly denominated the Man- 
chefter of Scotland, and is perhaps fcarcely inferior to 
Liverpool in point of commercial importance. he lands 
in this dilliitt are naturaHy barren and unprodu£livc, but in 
the neighbourhood of Glafgow, the overflowings of a very 
profperous commerce have added greatly both to its feenery 
and fertility. Sec Glasgow. 

The chief towns in Lanarkfliire are Glafgow, Lanark, 
Rutherglcn, Hamilton, Douglas, Bigjpr, and Carnwarth. 
Of thefe the three firic are royal boroughs, and will be found 
deferibed under their rcfpe^ivc names. Many confiderable 
irillagcs arc likewife fcattered throughout the county. The 
sBoft worthy of notice among thefe are .thofc of Leadhills and 
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Wilfon-town, which are indebted for their profperity to tlie 
mineral produftiona of the county. Alffto Lanark ^ which 
owes its origin to the cotton works ellabiifhcd there by David 
Dale, cfq of Glafgow, is alfo a thriving and populous 
place. Thefe works were firll: cre£led in the year 1785, and 
are perhaps the moll cxtenfivc of their kind in Scotland. They 
afford employment to upwards of 1500 perfons, many of 
whom are children. Great attention is paid to their morals 
and education. The fituation of the mills is extremely fi - 
gular and romantic, being nearly furrounded by high 
grounds of very lleep afeent. They were built on this 
fpot chiefly on account of the gi'cat command of water 
that could be obtained. For tliis purpofe a fubterraneous 
aquedudl has been cut through the fo .id rocks, for the fpace 
of fcveral hundred yards. l 3 oth the works and the feenery 
around are objects of peculiar iriterell and curioflty. One* 
of the mills contains no lefs than 6080 fpindles. 

Befides the Clyde, already fo often mentioned, there is 
a number of other llreams in this county, all of which, how- 
ever, difeharge themfelves into that river. The chief of 
thofe on the northern fide are, the Elwin, Glengonan, the 
Little-Clyde, the waters of Duneaten and Coiittcn, and 
the two Calders. None of them are remarkable, except that 
the two latter are well (haded with wood, and adorned with' 
a number of neat villas. The dreams on the foulhern fide 
of the river are rather more deferving of attention. The 
Moufa-water is particularly remarkable for that part of itr 
banks called Cartlane-Craigs. Thefe form a curious and 
romantic den, or dell, fome what more than a quarter of a 
mile in length. The rocks on either fide rife to the height 
of four hundred feet, exhibiting a terrific and rugged ap- 
pearance in one fpot, while, in another, the eye is relieved 
by a pendent covering of coppice wood. At the bottom 
runs the river Moufs, fo clofeiy confined as fcarcely to al- 
low room for the lonely traveller to traverfe the den. At all 
the windings of this river the feenery varies, and w^henever a 
rock is found to projeA on one bank, a correfponding rc- 
cefs may be feen on the other. One of thefe caverns is Hill 
called “ Wallace’s Cave,” from a tradition of its having been 
for fome time the place of that hero’s concealment. Lo- 
gan -water, which rifes in the mountain feparating the parifh of 
Lefmabago, from that of Miiirkirk in Ayi fhire, is a ^autiful 
palloral river. The Avon, w^hich likewife takes its rife on 
the confines of Ayrfhire, after being joined by fevcral minor 
llreams, empties itfelf into the Clyde npar the town of Ha- 
milton. In its courfe it paffes through the inclofures of 
the duke of Hamilton, where its bold and lofty bankst 
covered wi:h a variety of flirubs and trees, afford many ex- 
tremely fine and pidlurefque views. 

No county in Great Britain is more intcrefting to the geo- - 
login, or abounds with a greater variety of mineral produc* 
tionr^ than Lanarkfliire The furface of the upper divifion 
of the comity generally refts upon whinflone, > flanding in 
perpendicular columns. The middle and lower diftrifts, for 
the mod part, exhibit fome kind of freeflone for their bafe« 
but are interfefted, at different points, by ridges of whinftonc 
running oft' from the rocky mountains, downwards, through- 
out the whole extent of the county. Under the flrata of 
freeftone immenfe flrata, or beds of eoalp are difeovered, 
extending over ail the plain country, and branching out, 
more or lefs, along the courfe of the principal waters. The 
feams of this ufefuL mineral are not entirely of one kind* 
Where the whole flrata remain untouched, a variety of tlua 
and lefs valuable feams, or flrata, prefenc themfelves in dig- 
ging down to what is commonly called the upper coal, be- 
cauTe it is t^c firft that is found to be worth mming for to 
any extent* This ftratum is compofed of the rough coaJt 
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except a fmall portion in the middle of it, which is of the 
kind called fplint. After this, comes the ell coah which is 
much efteemed for the blackfmith's forge. At from ten to 
feventeen feet beneath this ftratiim, tlie I'eam called the main 
coal is found. It is fo named becaufe it poflefTes all the 
good qualities of thef other ftrata, and is preferred, by con- 
fumers in general, to every other fpecies of tliis mineral. 
Below the main coal are four more (earns. The highed of 
thefe is compofed of the humph coalt the fecond of the hard 
roalt the third of the /oft coaU and the fourth and lad learn 
of the lean or four-milk cOaL Beneath all are found feveral drata 
of excellent limedone, probably as extenfive and incxhaud- 
ible as the valuable mineral which covers it. Independently 
of thefe drata of coal in the plain, there arc others in the 
higher grounds, but of a diffimilar nature and arrangement. 
The hills in the paridi of Shotts, like the trails gf the fame 
elevation in the upper ward, are found to con lid of an enor- 
mous bed of whindone, but in defeending along their iides, 
the freedone rock (hows itfelf lying in a horizontal poiition 
beneath the whindone. Below tlie free-coal, irondone and 
limedone are difeovered in fiich vad profufion, as feemingly 
to defy the utmod efforts of human indudry to exhaud them. 
Near the Douglas river alfo, extenfive collieries, fimilar in 
quality to thole of Shotts, are wrought, which fupply the 
higher didri&s of this county and Tweedalc, where no coal 
has yet been difeovered. To the vad fupplics of this valua- 
ble mineral, and its conftquent chcapnefs, the manufacturing 
profperily of the wed ot Scotland is to be principally at- 
tributed, as, without abundance of fuel, fcarcely any manu- 
facture can be carried on. 

Lead and Iron, — Another great fource of indudry and 
opulence bellowed on this county by nature, is derived from 
its mines of lead and iron. The former of thefe metals is 
chiefly wrought at Lead-hills, a range of mountains in the 
uppermod part of the county, immediately achoining to 
Nithfdale. Thefe mines belong to the earl of Hopetoun, 
and are carried on by two feparate companies. The number 
of miners employed in them is very great. They work only 
fix hours out of the twenty-four, fo that they have much 
Icifure time, a great portion of which is dedicated to read- 
ing. To facilitate this worthy employment of their time, 
a library was edablilhed many years ago by an overfeer 
named Sterling, who prevailed on the workmen to fub- 
feribe for that purpofe. Since that event the miners have 
been remarkable for indudry and fobriety of manners, the 
ufual concomitants of a tade for literature ; and the exam- 
ple has been followed with fimilar effeAs at the neighbouring 
mines of Wanlockhead. 

The iron of this county is found every where in the fame 
traA with the drata of coal. In many places it is imbedded 
between the different feams of that mineral, and is ufually 
vrrought at the fame time with it. Iron ore, that is, the 
metal in its riche d date, has not yet been discovered here 
in any great quantity, but irondone exids in great profu- 
iion. It is found either in the form of beds of rock, or 
in coIIeAions of nodules or irondone balls, as they arc 
called by the workmen, of various lhapes, fize, and quali- 
ties. Among thefe balls is the curious folTil called ludus 
Helmontih feptuarium^ or waxen veins. It is of a fpherical 
fhape, more or Icfs oblate or depreffed. Above and below 
them are alternate drata of irondone and fchillus. They 
lie on their depreffed Tides, in a regular direAion, making a 
fort of interrupted dratum, one done being feveral inches 
and fome even ^ foot or two didant from the other. The 
irondone of which they arc compofed is of excellent qua- 
Jity, yielding fometimes fifty cent, of iron. 

The AnliquUUs in this county are not fo numerous, in pro- 
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portion to its extent, as in fome other counties of Scotland. 
The Roman road, which formerly eroded tlie parilhes of 
Lainington and Biggar, and d<*fcended along the fouth bank 
of the Clyde, is now only vilible in a few detached fpots. 
Different parts of the upper wards, in particular, abound 
with excavations in the earth, or vaults which were ufed as 
llrong holds by the aboriginal inhabitants, when the haughty 
chieftains of Clydefdale and Annandale were engaged in 
mutual hodilltics and depredations. At Cold-chapel are the 
remains of a Roman llation, and in the fame neighbour- 
hood is a fp/)t called Wallace's Camp. It is faid that a 
chair, which formerly belonged to that hero, is ilill preferved 
at Borrington. 

Near Biggar are feveral artificial mounds. The church of 
that town is one of the moll venerable relics of monadic archi- 
teAiire in Scotland. Here is preferved an ancient vafe or urn, 
fuppofed to be Roman, which w’as ufually appropriated to 
famd purpofes by the Popilh priells. Boghall callle, about 
a mile from this church, wa^s formerly furrounded by a 
marlh, and acccHiblc only by a canfevvay or mound of earth. 
The entrance is through a large and magiiilicent gate-way, 
which leads into a fpHcioiis court in the centre. This caltle 
is flanked with tuwcT.s. It was formerly the rcfidence of the 
Flemings, earls of Wigton, and has evidently been one of 
the moil extenlive and Iplendid fortreffes in Scotland. This 
ncighbouihooJ is repreienied in the popular hiliories of fir 
William Wallace, as having been the fci jie of a fanguinary 
confliA between his baud of patriots and the army of Ed- 
ward I. 

Cuthally callle, or, as it is vulgarly called, Cowdaily 
callle, the feat of the ancient family of Somerville, is fitu- 
ated in the panlh of Carnwarth, and appears to have been 
formerly a place of great ftrength. At the foot of Tintoe 
is an artificial mount, and near it a circle of large Hones fet 
up perpendicularly. On an adjacent farm is a place called 
Sheriffs' flats, where it is fuppoled the Iheriffs anciently held 
their courts. Traditu>n reports, that a bullock's hide, full 
of gold, is buried under this fpol. Here are alfo the v/abs 
of a callle which belonged to the family of Lindfay. In 
Pittimair parifh are the veliigcs of a large encampment, the 
figure of which approaches to a circular area. A fmall 
fort belonging to it is Hill dillinAly vifiblc at a little dillance 
from the walls. Several urns have been lately found here 
inclofcd within four large flag Hones. At Douglas are the 
remains of a caHle beloiiging to the pow'erful family of that 
name. The greater part of this building was unfortunately 
confumed by fire about fifty years ago. In the old church 
of St, Bride's, in Douglas, arc a number of monuments in 
honour of the Douglafes. The parilli of Carllairs, in the 
vicinity of the Clyde, contains the velliges of a Roman 
camp, the can fe way leading to which can Hill be traced for 
many nulcs. Pots and dilhes of different kinds, as well as 
various inllruments of war and facrifice, have been difeo- 
vered here. A number of coins have alfo been dug up, 
beariiijr the iufeription of Marcus Aurelius, and Marcus 
Antoninus. At Cleghorn is another Roman camp, fup- 
pofed by general Roy to have been the work of Agricola. 
Befidcs thefe remains of antiquity there are a number of 
others ; as the priory of Lefmahago, the caHles of Cudzow 
and Avondale, &c. bait the limhs of this article will not allow 
U8 to particularife the whole. Many of them, however, will 
be found either deferibed or noticed in our acounts of the 
refpeAivc places. Rothwcll callle, in this diltriA, is one of 
the moH magnificent ruins in Scotland. The HruAure itfelf 
is fuperb, and all the objeAs around have an afpeA of gran- 
deur. The whole work is executed with fmooth Hone of 
a red colour. It is adorned with lofty towers at both 
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fntlsi and has undoubtedly been a place of conCderable 
ftrength. 

The principal feat in Lanarkfhire is the palace of Hamil- 
ton, belonging to, and thcoccaiional relidencc of, theHamilton 
family, . It \$ a large maflive pile, of a dull and heavy ap- 
pearance, fituated in the neighbourhood of the town, from 
which it derived its name, and deferves notice chiefly on ac- 
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count of the beauty of its feenery, and the valuable collection 
of paintings it contains. 

Lanark (hire lias long beeu celebrated for its horfes, which 
are reckoned among the molt powerful in the world. As 
containing the town of Glafgow, it muft be ranked among 
the firlt mannfaCturiiig and trading counties in Great Bri- 
tain. Forfyrh’s Beauties of Scotland, vol. iii. 
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LATH, in Budding, flips of wood ufed in plaftering, 
tiling, and flating. Thefe are what Fettus calls amlrlces ; 
in other Latm writers they are denominated templa; and 
by Gregory of Tours, Ilgatura. 

In plaftering, the narrower the laths are the better th:y 
are for the purpofe, fo as they are of fufficient breadth to 
hold the nails, as the number of interftices are increafed, 
the lime or ftuff will hang more readily, and the thicker 
they arc they will be tlie better adapted to refill violence ; 
but then they would be much more expenfive. The laths 
arc generally made of fir, in throe, four, and five feet length.s, 
but may be reduced to the ftandard of five feet# Laths are 
Angle or double; the latter are generally about three-eighths 
of an inch thick, and the former barely one quarter, and 
about an inch broad. Lath is fold in bundles ; the three 
feet are eight fcore to the bundle, four feer, fix fcorc, and 
the five feet, five fcore. The lath for pliin tiling is the 
fame as that ufed in plaftering. Laths are alfo diftinguiflied 
into heart and fap -laths ; lljc former fljould always be ufed 
in plain tiling, and the latter, of an inferior quality, is moft 
frequently ufed by the plafterer. Heart -of*oak laths, by the 
ftatute £dw. III., (hould be one inch in breadth, and Iralf 
an inch in thicknefs : but now, though their breadth be an 
inch, their thicknefs is feldom more than one quarter of an 
inch ; fo that two laths, as they are now made, are but equal 
to one lath. According to the faid ftatute, pan-tile latlis 
arc nine or ten feet long, three-quarters of an inch thick, 
and one and a half inch broad, and (hould be made of the 
bed yellow deal ; the bundle confifts of twelve fuch laths. 
A fquare of plain tiling will require a bundle of laths, more 
or lefs, according to the pitch. The diftance of laying laths 
one from another is various, differing more in forne places 
than in others $ but three and a half, or four inches, are ufual 
diftances, with a counter-lath between rafter and rafter : 
but if the rafters ftand at wide intervals, two counter-laths 
wiP be neceffary. Laths arc employed for various other 
purpofes as well as plaftering and tiling, as in filleting for 


(uihiining the ends of boards ; in nuked flooring and roof- 
Ir'4*; for furring uj) the furfaccs; and in every kind of 
f nall work, where the dimcnfions of the parts do not ex- 
ceed the fcantling of laths. 

In lathing for plaftering, it is too frequent a cuftom to 
lap the ends of the laths upon each other, where they ter. 
minute upon a quarter or batten, in order to prevent cutting 
tliem ; but though this practice faves a row of nails, it leaves 
oiily a quarter of an incli for plafter, and if the laths are 
very crooked, as they frequently are, there will be no fpacc 
whatever left to llraighten the plafter : the finiftied fufface 
mull, therefore, be rounded, contrary to the intention and 
to the good effeft of tlic work ; but if the ends are to be 
laid upon each other, they fliould be thinned at the lapping 
out to nothing at the extremity, or otherwife they (liould 
be cut to exad lengths. 

Latlis fliould be as evenly fplit as poffible ; thofe that are 
very crooked (hould not be ufed, or the crooked part (hould 
be cut out ; and fuch as have a (hort concavity on the one 
fide, and a conve.xily on the other, not very prominent, 
(hould be placed with the concave fide outwards. 

The following is the method of fplitting laths : the lath- 
cleavers having cut their timber into lengths, they cleave 
each piece with wedges into eight, twelve, or fixtcen pieces, 
according to the fcantling or the timber ; the pieces thus 
cloven are called bolts ; tnen, in the direction of the felt- 
grain, with their dowl-ax, into fizes for the breadth of the 
laths : tills operation they call felting ; and, laftly, with 
their chit they cleave them into thicknefs by the quarter, 
grain. 

Lath Bricis are bricks made much longer than the ordi- 
nary fort, and ufed inftead of laths for drying malt upon ; 
for which purpofe they are extremely convenient, as not 
being liable to catch fire, and retaining the heat much longer 
than thofe made of wood, fo tliat a very fmall fire is fufficient 
after they are once heated* 
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LATHE, an engine of the moft extended application in 
the mechanic arts, for forming wood or metal into any 
article of a circular figure. The mode of a£lioii in a lathe 
is eflentially different From any other method of cutting, a» 
the work is caufed to revolve in a circle, while the tool ia 
held upon a fixed fupport, and prefented to it to cut away 
any parts proje^ing b£yond the circle deferihed hy tlie 
motion of the work. To the median!; the lathe is an hi' 
valuable machine, as a very great proportion of all the parts 
of machines is formed in it, and as it is the only method of 
working metal which may be conlidered as perfedt. All 
things which can be turned are made in the lathe, both for 
accuracy and expedition. The common wooden lathe, iu 
ufe among wood-turners for making articles of houihold 
furniture, is fo generally uaderllood, that it is needlefs to 
give a minute delcription of it ; wc have, therefore, given 
drawings in Platt {Lathe) of a metal lathe, the moft perfedl 
of its kind, proper for turning accurate and delicate works 
for mathematical inftruments, or machinery : it was made by 
Mr. H. Maudflay, London, who has a great number of dif- 
ferent fixes, but on a fimilar conllnidion, in conlhnt ufe, 
at his manufaftory for Iteam'Cngines, and other machinery, 
in the Weftminfter'road. Fi^t, i. and a. of the plate are a 
front and end elevation of the whole lathe, where A A is a 
ftrong mahogany bench, fupported on iron ftandards B, B, 
which are (hewn fully in Jig. a ; beyond thefe arc fuits of 
drawers C, C, to contain the tools, &c. : the ftandards B' 


carry the axis D of the great foot-wheel E, which gives 
motion to the work when it is turned by its crank D and 
treadle F, on which the workman prelTes his foot, at inter- 
vals, to turn the wheel round. The lathe itfelf, which is 
fixed upon the bench, confifts of a- triangular bar G. Sec 
/S’ 3» enlarged figure of it ; it is fupported 

on Imall ftandards b, c, lixcd to the bench A by ferews 
going through it : upon ibis bar the puppets H, I, arid K, 
are fitted with perfedf accuracy, and H, which is called the 
back puppet, can be faftened at any part of the bar by a 
ferew beneath it ; the other two puppets, I, K, are ferewed 
down upon the ftandards a and i, and are connetted together 
by a piece of metal d fitting upon the bar, and caft in the 
fame piece with them : thefe two puppets fupport the man- 
drel, or fpindle L, one having a ferew with a conical Heel 
point to enter a hole in the end of the fpindle, and the otlicr 
having a hard rteci collar to receive tlie neck of the fpindle, 
which fits it with the moft perfed ai curacy, to turn round 
frrely (by a band encompafliiig its pulley M), but without 
any lhake in its collar ; on the end or tlie fpindle, bi 70 iid the 
collar, is a fniall ferew to fix on the wock to be turned. 
The back puppet H has a hole through the top of it, 
exadly in a line with the fpindle, and a fteel pin r,.with a 
conical jpoint fitted inM it to fupport the end of a long 
piece of work ; the point is faftened by a ferew g in the 
top of the puppet, and has a ferew f behind it to force it 
forwards : the bar G, alfo, has the i- ft,^or fupport, for the 
tool fixed upon iti by a piece of metal g, {fg, i .) fitted upon 
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ilic bar ; a Aider \i fitted upon this piece to Aide in a direc- 
tion perpendicular to the bar, and the fame ferew beneath 
fa dens the reft upon the bar at any place, and the Aider at 
any length acrofs the bar. On this Aider is a focket to re- 
ceive a pin, on the top of which is a crofs-piecc, formed like 
a T, upon which the tool is laid ; this T can be adjufted to 
the height of tlie work the tool is to be applied to, and can 
be faftened at any heiglit by the ferew in trie lide of the 
focket. The various kinds of work to be turned are faf- 
icncd to the end of the fpindle, fo as to be turned round 
with it, by means of what arc called chucks : thefe are 
pieces of wood, or metal, fitted to ferew fall upon the end 
of the fpindle, and a hollow, like a diAi, being turned out 
in it ; the piece of wood or metal to be turned is driven 
into this hollow, and thus 'held to be turned, by liolding a 
tool over the T of the reft, which is previouAy fixed clofe 
to the work, and prefenting the edge to the work as it rc- 
Tolves by the treadle F, turning the foot-wheel, See . : this, 
by its band turning the pulley M, and the w'ork with an 
iiicreafed velocity. A chuck of this defeription is flicwn 
mounted in Jt^. t, with what is fuppofed to be a plate uf 
brafs, held in it to turn the fiat face. Some chucks arc fiat, 
with holes through them, and the work is held by ferews 
arainft it ; others are provided with three jaws, like a vice, 
wnich can be altogether can fed to advance to, or recede 
from, the centre, by turning a ferew, fo as to encompafs a 
piece of work of any dimen lions. This method of chucking 
is adopted to form all kinds of fiat or hollow work, as cups, 
boxes, circular rings, or plates, wheels, &c. which are, 
therefore, termed chuck-work ; but articles of confiderable 
length are fupported at both ends, which method is called 
turning between centres. In this method the puppet H is 
Aid along the bar to the length of the work, and fixed there 
by its ferew : the point e is now, by its ferew /, tkruft for- 
wards, and its point enters a fmall hole, previouAy drilled in 
the end of the work : the ferew g is now tightened, to faften 
the point upon which .one end of the work revolves as a 
centre, the other end is received into a fquare hole in the 
end of a chuck ferewed to the fpindle. In other cafes, the 
fpindle has a chuck ferewed to it, terminating in a conical 
point fimilar to that at e ; this forms a fupport for the end, 
and an arm, projedling from the chuck, intercepts a pin or 
arm fixed to the worK, and by this means turns it round 
with the fpindle. This method of turning between centres 
is employed to turn fpindles of wheels, bolts, ferews, roUers, 
the outfides of cylinders, or any other articles of greater 
length than their mameter. When a piece of work is to be 
turned, which is larger than the lathe will admit, the bar is 
to be drawn out, as in Jig, i, and fupported by an additional 
flandard c ferewed to the bench. In the fame ftate it will 
admit longer work. 

The particular manner of holding the tool to the work is 
«o: cafy to delcribe in words, but is foon acquired by prac- 
tice. The tools for brafs are fq'uare or fiat bars of fteel, 
the ends of which are cut off obliquely, to form an edge like 
n chifiel, but with a very obtufe angle. It is held in fuch 
a pofitiou, that its upper fiat furface points to the centre of 
the work to be turned : it is to be held down as firmly as 
puiilble tQ the reft, and advanced to the work at intervals, 
whenever it ceafes to cut, by having removed all the pro- 
jeclions of the work without the circle it deferibes. For 
turning with extreme accuracy, the Aide-reft is a veiy ufe- 
ful addition to the lathe. It is a reft with two Aiders in dif- 
ferent diredioni, to one of which the tool is fixed : by means 
of ferews with landles, the Aiders and the tool can be moved 
in either diredion, to bring the tool to the work. Figs. 3, 
^ and 5, cxplaio the ingeniouiB piece of niecliaoifm* N A 
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is a piece of metal, fitted to the bar of the lathe, and provided 
with a ferew to faften it at any place : upon the upper fur- 
face, which is fiat, two pieces of brafs are ferewed, to form 
a dovc-tailed gtoovc, in which a Aider, is fitted, to move 
with freedom and precifion ; a ferew, i, is mounted in the* 
frame N, and ii lapped into a piece projeding from the 
lower fide of the Aider, fo that the ferew, when turned 
round by a handle fitted on its fquare, advances or draws 
brick the Aidt-r in its groove. Upon this Aider, h, is a 
frame having at the top of it a Aider /, provided with a 
ferew w, as the former, tp move it, and cai rying a piece n, 
with fquai;c holes through it in two diredions to receive the 
tool 0, and a ferew at top to faften it in. The Aide-reft 
being mounted, in llie manner of Jig, 3, upon the bar, the 
upper Aider, /, is parallel with the fpindle, and the lower 
one, A, perpendicular thereto. For turning Aat work, the 
tool is put 111 as theie Aiewn ; now by turning the ferew, m, 
of the upper Ald:rr, the tool is advanced in contad with the 
work, which is mounted as in Jig, i ; then by the other 
ferew, /, it is drawn acrofs the face of the work, turning it 
as it proceeds, to a perfedly flat furface. For turning a. 
cylinder between centres, the tool, o, is put through its 
holder n, in a diredion perpendicular to that (hewn in jpg, 3 ; 
and then tlie lower Aider, ht is moved to adjuft the tool to 
the diameter of the intended work ; and the upper Aider is 
moved, to carry the tool along the length of the cylinder, 
and cut it as it goes. The Aide-reil will alfo turn cones, by 
the following contrivance : the frame if, fupporting the up- 
per Aider, is fitted to llie lower Aider by one pin, upon 
which the whole frame and upper Aider may be turned 
round and faftened at any inclination, by two ferews pafiTing 
through circular grooves. By this means the upper Aider 
is inclined in any angle to the fpindle, to turn a cone either 
hollow or (olid, as the tool is put into its holder in one or 
other diredlion. 

The Aide-reft can be made to cut ferews by an ingenious 
application, which is explained in 6 and 7. A (hort 
bar P, exadlly of the fame dimenfions as the large one, is fitted 
thereon, and faftened by its ferew f. Upon this the Aide-^ 
reft is placed ; its Aiders now ftand in a direction perpendi- 
cular to what they did before, though on the fame level. 
The ferew to be cut, reprefented by Q, Jig 6, is mounted 
between the centres, and turned to a true cylinder by a tool 
ut in the holder n, and carried along parallel to the fpindle, 
y turning the ferew, 1, of the lower Aider ; tliis being done, 
a cog-wheel, V, is fitted on the chuck, at the end of the 
fpindle, and another, W, is attached to the end of the ferew, 
i, of the lower Aider, fo that it will be turned round at the 
fame time with the fpindle. A tool, with a point of the 
proper form to cut the thread of the ferew, is put in the 
liolder n, and, advanced by the ferew, m, of the upper Aider 
to touch the cylinder Q. The lathe being now put in mo- 
tion, the tool is moved along by the ferew of the lower 
Aider, at the fame time the work revolves, and upon which 
it traces a fpiral groove. Wlien it arrives at the end of the 
ferew, which it only fcratchcs the firft time, the tool is 
drawn back clear 01 the work, and the lathe turned the 
contrary way, to return the tool to the place where it firft 
fet out. The tool is then fet by the ferew m, to cut deeper 
than the firft time, and the ferew is cut over again : this 
being repeated four or five times, the ferew is completed* 
By ^18 method a ferew of any degree of finenefs may be 
cut, by merely changing the proportion of the cog-wheels, 
V, W, which connedl the fpindle and the ferew of lower 
Aider. It is plain, if thefe wheels are of equal fize^ a ferew 
will be formed of the fame width of threads as the ferew of 
the flide*reft at 1 1 and if the whecli W, on the ferew, is the 
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largeft, the fcfcw cut will be finer ; if, on the other hand, 
the fmllleft wheel is fixed on the fcrew at W, it will cut a 
icrew of a coarfer thread than the fcrew /. The lathe is 
provided with wheels of all the different fizes, flicwn by the 
dotted circles V, 7, any of which may be fixed on at 
pleafure, either on the fcrew or the chuck. The fcrew cut 
in tliis manner will have its threads inclined in a contrary 
diredion to the fcrew of the fiide-rcil ; and if that is a left- 
handed fcrew, it will cut a right-handed fcrew, becaufe the 
fiider-fcrew revolves in an oppofite diredion to the fpindle. 
That the lathe may cut ferews of either kind, an inter- 
mediate cog-wheel is introduced between the two, to caufe 
them to turn the fame way. This gives another advantage, 
vv®. that any two wheels may be ufed together ; the inter- 
mediate wheel communicating motion from one to the other, 
though they are confiderably diftant from touching each 
other. The application of the intermediate wheels is ex- 
plained in^j. 8 and 9, where r is a proje«£ling Oielf from 
the llandard a ; upon this a piece of metal, j, is faftened by 
a fcrew, and a (hort hollow fpindle, is fitted into it, and 
failened by proper fcrcw-collars which admit its rotation ; 
upon the end of this the cog-wheel W, which turns the 
fcrew of the flide-reft, is faftened by a nut : an arm, w, is 
fitted on the ftiort fpindle v, fo as to have an angular motion 
round the centre : the arm has a groove in its length, in any 
part of which the centre pin of the intermediate wheel, a*, 
can be faftened ; and by thefe two motions this wheel may 
be fixed at any joint, fo as to conned the wheels of any fize. 
The hollow fpindle, v, is adapted to receive an arbor or axis y, 
which has a focket in the end adapted to the fquare, upon 


the end nf the Hide-reft fcrew i ; by this method the llide-relt 
may be fet at any part of the lathe bar ; when it is required 
to cut a fcrew at tne end of a long bolt ; the arbor y, form- 
ing the conneftion between the cog-wheel, W, and the 
fcrew, for which purpofe it Hides through the hollow fpindle 
V, but is caufedto revolve with it, by a feather or fillet pro- 
jeding from one fide ; the focket of the hollow fpindle may 
oe fet and faftened at any required diftance from the lathe 
bar, and faftened by its icrew ; the flide-relt being fet at a 
correfpondent diftance from the fpindle of the lathe, by 
moving it upon the bar P, will admit a large piece of work, 
when a fcrew’ is required to be cut upon it. R, fg. 7, is an 
iron frame, faftened to the lower Aider of the Htde-reft, to 
fupport the fcrew from bending by the preffure of the tool, 
when it is long and flendcr. The frame is (hewn in plan in 
Jig» 10, where the holes are fliewn for the two ferews which 
hold down the frame upon the lower Aider. 

The methods of holding various pieces of work in the 
lathes to turn them are cndlefs, and depending in a great 
meafure upon the ingenuity of the workman to adapt them 
to the particular occafione he meets with. This fubjeA, as 
well as the figure and manner of holding the tools, will be 
refumed under the article Turning ; an art which, from 
the facility with which it produces fo many beautiful forms, 
has become a fafliionable amufement among gentlemen, who 
may require many praftical inftruftions, which would be 
weedlcfs to the mechanic regularly educated in the work- 
(hop. We lhall alfo deferibe the method of turning elliptic 
work, at well as circular. 
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LATTFN, or Latten, a name by which we ufed*"to 
call the plates of iron covered wdth lin, and now ufually 
called /m, of which our mugs, and fuch other things, are 
made. The principal part of the work is to prepare the 
loaves, beat out to a proper thinncfs, fo as that they Ihall 
readily receive the tin ; for if there be but the fmallell par- 
tide of dull on them, or pnly the flightell ruft in any part, 
the tin will never fix there. 

Tiiis fmoothing of the plates is eflPefted by fteeping them 
in acid water, till the furface is a little preyed upon by it, 
arid then they are fcowered with fand, which makes them 
very fmooth and fine. By this means a woman cleans more 
plates in an hour, than the moft expert workn an can do 
otherwife in many days. M. Reaumur, to whom the world 
owes the difcovery of this procefs, mentions feveral waters, 
any one of which will fuccced, but the Germans thcmfclves 
life noilung but common water, made eager with rye. This 
ihey make a great fecret of, but the preparation isteryeafy^ 
After they have ground the rye grofsly, they leave it to fer- 
inent in common water for Lome time ; and they are thus 
fure of a (harp and ea.:^er menftruum, excellently fitted for 
llicir purpofe. With this liquor they fill certain troughf, or 
luns, and into tlicfe they put feveral bundles of the {dates 
of iron ; and to make the liquor more c^^ger, and to ad the 
better on them, they keep it in ftoves, where it bus little air, 
and is kept warm with fmull charcoal fires. 

There are feveral other ways of making iron nift, as 
keeping it in a moiil cellar, expofing it to the dew, fprink- 
ling it with Ample water, or, which' is ilill better, with wa- 
ter in which fal ammoniac has been difiblved, feveral times a 
day : and in thofe countries where the pyrites is common, 
the vitriolic waters, which partake of it, will do it very well. 
This water may be prepared at little or no eicpcnce, only 
by heaping up large quantities of the pyrites, and letting it 
moulder in the air, then putting it into common water, and 
making a lixivium of it. Whichever method of rufting the 

! dates DC ufed, it is always ncccITary to fcower them with 
and as foon as it is done ; and when they are thus cleaned, 
they mull be immediately plunged into water, to prevent 
their rufling again, and they arc to be left in this water till 
the inftant in which they are to be tinned, or, in the language 
of the workmen, hlancbed. The people employed in this 
part of the operation are called bkncltn / and the others, 
who aflift at the cleaning of the plates, HLxtfcalen. The 
iilancher makes as great a fecret of his art, as the fcaler does 
of his ; and it was with great difficulty that M. Reaumur 
obtain^ it. Tiie mauner of doing it it this : 


Tliey flux the tin in a large iron orucible, which has the 
figure of an oblong pyramid with four faces, of which two 
oppofite ones are lefs than the two others. The crucible is 
Iveated only from below, its upper part being luted with the 
furnace all round. The cxuct^ is always deeper than the 
plates, which arc to be tinned, are long ; they always put 
them in downright, and the tin ought to fwim over them, 
To this purpofe artificers of different trades prepare plates 
of different (hapes, but M. Reaumur thinks them all ex- 
ceptionable. But the Germans ufe no fun of. preparation 
of the iron, to make it receive the tin, more tlian the 
keeping it always ftceped in water till the time ; only 
when the tin is melted in the crucible, they cover it 
with a layer of a fort of fuet, which is ufually tuo inches 
thick, and the plate muft pafs through this Icfore it can 
come to the melted tin. The firll ufe of this covering is to 
keep the tin from burning : as if any part Ihould take fire, 
the fuet would foon moiften it, and reduce it to its primitive 
ftate again. The blanchers fay, this fuet is a compounded 
matter. It is Indeed of a black colour, but M. Reav.mw 
fuppofed that to be only an artifice to make it a fccrei, 
and that it is only coloured with foot, or the fmoke of a 
chimney ; but he found it true fo far, that the comnon un- 
prepared fuet was not fiifficient ; for after feveral attempt.^ 
there was always fomething wanting to render the fuccefs of 
the operation certain. The whole fecret of bliiiiLliing, 
therefore, was found to lie in the preparation of tliis fuet ; 
and this he. at length difeovered to confift only in the firlt 
frying and burning it. This limple operation not only gives* 
it the colour, but puts it into a condition to give the iron t 
difpofition ro be tinned, which it docs furpriiingly. 

The melted tin mult alfo have a certain dega*e of heat, 
for if it is not hot enough, it will not Hick to the iron ; and 
if it is too hot, it will cover it with too thin a coat, and the 
plates will have feveral colours, as red, blue, and purple ; 
and upon the whole will have a call of yellow. To prevent 
this, by knowing when the fire has a proper degree of beat, 
they might try with fmall pieces of iron ; but, in general, 
ufe teaches them to know the degree, and they put in the 
iron when the tin is at a different ttandard of h^at, accord- 
ing as they w^ould give it a thicker or thinner coat. Some- 
times alfo they give the plates a double layer, as they would 
have them very thickl) covered. This they do by dipping 
them into the tin, when very hot, the firll time, and when 
lefs hot, the fecond. The tin, which is to give the lecond 
coat, mull be freffi covered with fuet, and that with the 
common fuet, not the prepared. Pbilof. Tranf. 406, 
p. 634. See Tw. 
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LAUNDRY) M if LavmJerie, Fr. the room in whick 
clotiwt are walbed ; or, in a more reftrified and appro* 
piiate fcnfe, as the term is ufed in the fubfequent article, 
it denotes tlie place where clothes are mangled, dried, 
and ironed. Under this head we (hall include the nuajh-lmftt 
as it is neceffarilj connefted with tlie laundry. Walhing 
and getting up linen are employments of great importance 
in moft families, and they rave engaged the attention of 
many ingenious mechanics, who nave contrived various 
walhing'inachines for the abridgment of labour 8nd expence 
in this department of domeftic economy. Mod of the mv* 
chinei hitherto ufed are objeiSionable on many accounts, but 
principally becaufc they operate by friSm, inftead of prtf’ 


fort. When the linen is properly prepared tor walhing, it 
maybe thoroughly cleanfed by only. Rubbing it 
with the bands, or by any machine that operates by friction, 
injures it more than tife wear it fuflains in aftual ufe. Hence 
it follows that the belt method of cleanling foul linen is, firft, 
io prepare it for the operation by foaping it where neceiTary, 
iind putting it int* foak for at kail twelve hours. This wU 
Joofen the filth, and decompok the greafe and other matter 
with which it is foiled, and it will then be readily re* 
moved by alternately foaking, and fqueexing or preffing. 
The defideratum, therefore, ia, to conllnid a machine that 
would, by a rotative motion, or an up*and*down ftrokc, 
(like pumping) aUemately pack and laturate the hnen with 
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tlw fuds, and lalUjr with dear water. The machine that 
romet neareft to this, of any that has fallen under our notice, 
it one invented by Mr. Gould. 

We (hall now deferibe a wafli-houfc and laundry, con- 
ftiU'flcd upon fcientific pfinciples by John Bentley, efq. the 
prefint pofleflbr of Hijjhbury Houfe, near London, being 
the completed of the kind we have met with. 

The wafh-houfe is 24 feet long, nine feet broad, and eight 
feet high. It is furniftied with a filtering machine, a ciftern 
for filtered water, two coppers, a copper cullender, a jack 
with pullies, fix wnfliing tubs, a done itnk, a table, a wring* 
ing machine, and a pump of hard water. 

The floor is rough York(hire-done, laid upon a fliarp cur- 
rent. Over two-thirds of the roof is a lead cidern contaki- 
ingf 40 hogflieads of rain water, fupplied from the adjoining 
buildings. The other third of the roof is conical, fur 
mounted with a cylinder for a fleam-vent, which opens and 
Hints at pleafure. When open, befides emitting the fleam, it 
admits both light and air. The ciftern for filtered water 
holds 200 gallons, and fupplies, by pipes and cocks, the 
copper tubs and fink. 

The firfl copper is fixed fo that the top of it is level with 
the bottom of the ciftern, and the bottom of it is level with 
the top of the other copper, and the tops of the tubs and 
fink, all which it fupplies with hot water. The tubs, cop- 
pers, and fink, are fupplied with cold water from the ciftern. 
Each of the tubs has a brafs plug at bottom, to difeharge 
the foul water. A nine-inch board runs along the front of 
the tubs and fink on the ground, to prevent the fplafliing of 
the water when difeharged. Each tub is furniihed with a 
I’mall wooden ftrainer for foap. 

*^I‘'Iic fecond copper is for boiling the linen, and has a copper 
cudender to hold the linen, which is drawn up by the Jack 
and pullies. Tlie jack has a paul and ratchet wheel to keep 
the cullender fufpended over the copper till the water is 
drained from the linen into the copper, which can then be 
turned out altogether into the rinfing-tub. By this contri- 
vance, the ufuju mode of poking the linen out with a flick 
(which frequently damages it) is avoided. At the bottom 
of this copper is a large brafs cock for difeharging Uie Aids 
when they are done with. 

Though the fix tubs are fupplied with both hot and cold 
water, there are only fix cocks to the whole, one cock Aip- 
plying two tubs, by means of a ferew-joint in the noazle, 
which turns at pleafure to either tub. There is alfo % ferew- 
joint between the key and pipe in each cock, by which 
means it can at any time be repaired without the aflillince of 
the plumber. 

The filtering machine perform* its operation by afeent. 
It has three cocks in one pipe. The iippermoft is for regu- 
lating the quantity of water to be filtered, which can be va- 
ried at pleafure from 50 to 500 gallons in a day. The other 
ia for cleanfing the machine when faturated with filth, which 
IS accomplifhed by only turning the cock, and will, in a few 
minutes, be as clean as it was at firlt, the mud, &c. being 
difeharged at tlie third or middle cock, which alfo ferves to 
draw un filtered water when required. Under the cittern is 
a receptacle for coals, and under the filtering machine a 
place for* pails and mops. Both cifterns have a furplus wa- 
ter-pipe to prevent running over, and in which are alfb plugs 
to difeharge all the water when needful. 

The tabic hangs to the wall, and may be put up and 
down at pleafure. It Js for forting and foaping the foul 
bnen, &c. 

The laundry adjoining the w.sfh-hoiife is 18 feet f^uare, and 
1 1 feet in height. It has t vve windows in front. The floor 
ia kxel, of rubbed Yorklhice-ftouc, laid upon brick piers, 


to keep it perfectly free from damp. It is furnifiied with 
one of Baker's large mangles ; an ironing-board 1 a feet by 
three feet, with four large drawers for the ironing-cloth, 
iron-holders, flee, with room for the clothes-bafkets under- 
neath ; a flove or drying-clofet, eight feet by fix feet ; a 
furaice for heating the ciofet and the irons, and a place for 
coals under the floor, clofe by the furnace. The ciofet 
contains four wooden horfes, each with five rails or bars. 
Each horfe runs in and out of the ciofet upon two fmall iron 
wheels, upon an iron rail-way. One horfe holds fix ftiirts, 
or a proportionable quantity of other linen, and the whole 
will dry off as much and as fpeedily as fix women can wafh 
in fucceflion. It hardens the linen after being ironed, and 
is alfo ufeful for airing feather bedri, flee. The linen, whilft 

drying, is kept free from fmoke and duft> and there never 
can be any (team in the room. 

The furnace for heating it is fimilar to thofe under coppers 
or in a hot -houfe, immediately over which, before it enters 
the flue to the ciofet, is an iron oven for healing the irons. 
The flue is continued round the bottom of the ciofet, and 
carried up the end of the building. The top of the hori- 
zontal part of the flue is of caft-iron plates ; iron being a 
good, and brick a bad condu6tor of heat. A few inches 
above thefe iron plates, the iron rail-way before mentioned 
is laid, between which and the flue there is a flooring of wire 
work. This prevents any accident from the cafual falling 
of linen upon the flues, but does not impede tlie afeent of 
warm air. Level with the rail-way, infide the ciofet, there 
is an opening 15 inches fqiiare, communicating wuh the ex- 
ternal air. The cieling of the ciofet is in the form of a hop- 
per, terminating in a funnel of the fame diameter ( i J inches) 
as the external air-vent. Both thefe vents are furinflied with 
a Aiding door, which opens and flints, as required, by pulley 
cords. 

The principle upon which it a£ls is by heating it to a de- 
gree furacient to excite a ftrong evaporation from the wet 
linen, and carrying off the moifture by means of tlie two 
vents. During the time of its acquiring this heat, both the 
vents, and alfo the horfes, are kept clolely Ihut, fo that the 
ciofet is nearly air-tight. As foon as the proper degree of 
heat is obtained, both the vents are to be opened, .when a 
ftrong current of air rufhes in at the lowcll, carrying up all 
the vapour from the linen through the upper vent or funnel, 
when the dryi ig will be very fpeedily completed. The 
linen is then removed, a frefli fupply put in, and the opci*a- 
tion repeated as before, beginning by clolely fliutting 
all up. 

Befides the difpatch and economy attending this walh-houfe 
and laundry, the health and comfort of thofe employed in 
them are greatly promoted, by being entirely free from tlie 
pernicious cffcAs of damp vapour, and in not being incom- 
moded by any extra heat in hot vveatlier. 

Since this article was written, the gentleman above men- 
tioned has made a confiderable improvement in the wafli- 
houfe. He has ccuftrudted an apparatus for performing the 
operation by Jleam. Although it is not yet (December 
1811) quite completed, it is fufficiently fo to nave afccr- 
tained by experiment, that every fpecies of w/vVr linen may 
be better cleanfed this way than it is pofllble to do it by the 
hands, or any machine hitherto invented. — We fay wZu/r 
linen, becaule the operation proves to be fo powerful, that 
it difeharges the colour from all dyed and printed articles 
that have been tried with it. 

At the end of the wafn-lioufe a ftrong iron-boiler is fixed 
three feet fix inches long, one foot eight inches wide, and 
two feet nine inches deep, with fittings up the fame as thofe 
for ileami-:i}gineS| viz* a feeding-pipe with regulator, a 
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mercury gauge-tube, a ihree-inch fteam-tube, two obferva- 
tioii cocks, a fafety valve, and a difcharging pipe. From 
the Ileam-tube, a pipe of inch bore is continued the 
whole length of the building ; and from this main fteam-pipe, 
others of fmaller dimenfions, from } to ^ inch diameter, are 
laid on the different ileaming veffels. Thefe may be either 
of wood, tin, or copper ; but the latter is certainly bell, 
for the a£fion of fleam is fo powerful, that it will foon ren* 
dcr both wood and tin ufcleis, They muft be fitted with a 
loofe grating infide, about two inches from the bottom ; a 
cock at one end, to admit the fleam ; and anotlier at the 
other end, quite at the bottom, to difcharge the foul water. 
The procefs is as follows : Soap the linen where it is very 
dirty, and pUt it to foak ; then place the linen upon the 
grating in the fleam veffcl ; eover it up, and turn on the 
fteam. The difcharging cock mull be occafionally opened, 
to draw off the condenied fleam ; and when it is found to 
come off perfedly clear, which it will do in half an hour, or 
lefs, the operation is finifhed, and the articles will come out 
perfeAly clean, and moft beautifully white. 

By this fimple and eafy procefs, the drudgery of wafhing 
is entirely done away ; and the faving in time, foap, ana 
other expences, is greater than can well be conceived. The 


LAUNDRY 

i'aving of water in manv lituations is a matter of conl'e- 
quence ; but vfhat is of (till more importance, the linen will 
lad double the time it otherwife would do : for as there is 
neither preffure nor fridioni it oannot be iqjured in this 
procefs. 

Walhing by fteam has been praftifed, but never before 
by this method. The way it nas been done iias been by 
Ileaming thb linen m the fuJs* Hence it is evident that the 
filth that is forced out of the linen is mixed with tbe fuds, 
and is again difperfed equally all through the linen ; fo that 
repeated changes of foap and water muff be had recounfe to, 
before the linen is made thorougUy clean. But by this new 
procefs, the linen being put into the Ileaming veffels, with* 
out any other liquor than it retains on being taken out of 
the foaking tubs, every particle of matter which is diflodged 
from it inftantiy fubfides to the bottom of the veffel, and 
never can again come in xontafl with the linen. Our readers 
muff excufe the prolixity of this article, on account of its 
great importance and ufefulnefs in domeilic economy to 
every family. 

A^e/r.-^The boiler above deferibed aHb heats at hot-houfe 
in an adjoming garden, befides boiling a copper, and thus 
does the work of fix fires. 
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LAVOISIER," Anthony Lawrence, in Siogrsphyf 
a diftinffuifhed chemical philofopher, wa? born at Paris, on 
the 13th of Auffuft 1743. His father, who was a man of 
opulence, fpared no cxpencc in bcltowing upon him the ad- 
vantages of a liberal education ; and he difplayed vtrj early 
prooK of the extent and fuccefs of his ftudies, efpecially in 
the circle of the phyfical fciences* In the year 1764, the 
French government propofed a prke queftion, rdative to 
the bed method of lighting the ftreets of a large city. La- 
voifier prefented a differtation on the fubjeft, which he dif* 
cuffed upon the moft enlarged and philofophical views. 
Tliis was not only highly approved, and printed at the ex* 
pence of the Academy of Sciences, but obtained for him jhe 
prelent of a gold medal from the king, which was delivered 
to him by the prcfident of the Academy, at a public fittingf 
in April 1766. Two years afterwards, he was admitted a 
menmer of that learned body, of which he was cpnftantly 
one of the moft afUve and ufeful affociates. About the fame 
timci he was occupied in experimental rcfearclves on a variety 
of fubjefts; fuch as the analyfis of tlie gypfum found in the 


neighbourhood of Paris; the cryftalliaation of fait ; the pro- 
perties of water ; and in exploring the phenomena of thun- 
der, and of the aurora borealis ; and he diftinguiflicd himfelf 
by fcveral diffenatkms on thefe and other topics, pradical 
andfpeculatiye, which appeared in different periodical works. 
In the Memoirs of the Academy for 1770 were publilhed 
his obfervations on the nature of water, and on the experi- 
ments which had been fuppofed to prove the poflibility of its 
convcrfion into earth. He proved, by a careful repetition 
of thefe experiments, that the earthy dcpofit, left after re- 
peated diftiilations of water, proceeded iolely from an abra- 
fion of the veffels employed. Lavoifier performed feveral 
journies into various parts of France, in company with M. 
Guettard ; in the courfe of which he collefted a ftOre of 
materials for a lithological and miiieralogical hiftorv of that 
kingdom, which he iogenioully arranged in the rorm of a 
chart. Thefe materials were the bafis of a great work on 
the revolutions of the globe, and on the formation of the 
ftrata 0^ the earth: two interefting iketches of which were 
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printed in the Memoirs of the Academy for the years 1771 
and 1 787, 

In fad, M. Lavoificr devoted hia whole time and fortune 
to the cultivation of the fciencea, the boundaties of which 
he feemed, by fuch an union of zeal, talent, and wealth, 
deftined to extend. About this period, a new mine of ex- 
perimental refearch, which promifed the moft curious and 
intereOinpr refulrs, had been opened out by the genius of 
Dr. Black, and already purfued with much fagacity and in- 
duftry by Dr. Prieftley. — ^We allude to the dilcovery of the 
properties of certain aeriform fubdances, gafes, or (as they 
have been called) faftitious airs, which had hitherto efcaped 
the attention of chemical inquirers. M. Lavoifier, druck 
with the beauty and importance of thefe difeoveries, entered 
into the fame field of refearch with all the fcientific ardour 
by which he was characterized : and here the advantage of 
his ample wealth was manifed ; for he condudled his experi- 
ments upon a large fcalc, with codly indruments of the mod 
improved condruftion. The refult of this courfe of ex- 
perimental inquiry' he gave to the world in 1774> 

Opufciiles Chymiaues,” which contained not only a clear 
and elegant view of ail that h^d hitherto been done, in regard 
to gafeous or aeriform fluids, but alfo feveral original ex- 
penmeiits, remarkable for their ingenuity and accuracy. 

The exidcnce of a gafeous body, in a Jixed or folid date, 
in the mild alkalies and alkaline earths, which, when ex- 
pelled from thefe fubdances, afTnmed an aerial form, and 
left them in a caudic date, as well as its produAion during 
the combulHon of fuel, had been demondrated by Dr. 
Black ; and Bergman had (hewn that this air poffefled acid 
properties. Dr. Priedley had alfo fubmitted it to various 
experiments in the year 1767; but no progrefs had betm 
made in afeertaining the real condituent parts of this acid 
gas, or fixable air. The honour of this difeovery was left 
for Lavoifier; who, in 1772, by expofmg a piece of char- 
coal, inclofed in a glafs veflel, to the adtion of a lens, dif- 
covered that part of the charcoal was confumed, that a di- 
minution of air had taken place in the receiver, and that the 
refidue poffefTed the properties of the fixable air j — whence 
he concluded that charcoal was one of the condituent parts 
of this gas. The combudible nature of the diamond having 
been already proved by Macquer, d^Arcct, and others, La- 
voifier wad induced to fubmit this fub dance to the fame 
treatment as the charcoal in the former experiment ; and he 
found that prccifely the fame refults took place ; whence he 
inferred, that there exided a great analogy between charcoal 
and diamond. Both thefe conclufions have been amply con- 
firmed by fubfequent experiments j they were in every re- 
fpe6f important; and feem, together with the fadfs pre- 
vioufly known, of the produdion of acids by the combullion 
of fulphur and phofphorus, to have given the fird hint to 
Lavoifier of his fubfequent general theory of the formation 
of acids. 

Lavoifier now turned his experimental refearches to the 
fubjedfc of the calcination (as it was then termed, from its 
apparent fimilarity to the procefs of making lime) af metals. 
It had already been (hewn by Rey and Homberg, that 
metals acquire an augmentation of weight during calcination. 
This additional weight was attributed by the utter to the 
fixation of heat and light ; but was fuppofed by the former 
to proceed from the fixation of a part of the air. M* La- 
voifier publifhed the refult of his inveftigation of this curious 
fubiedk in 17749 in a memoir on the calcination of tin in 
clofc vcffels, HI which he demondrated the following very 
important fads. He fhewed, 1, that a given quantity of 
air was requifite for the calcination of a given quantity of 
tin ; 2, that a part of the air is abforbed during this pro- 
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cefs, by which not only the bulk, but the weight of the air 
is diminifhed; 3, that the weight of the tin is increafed 
during the fame procefs ; and, 4, that the weight acquired 
by the tin is exadtly equal to that which is lod by the air. 

Tluis by a few fimple, accurate, and well-chofen experi- 
ments, Lavoifier had apparently arrived at the legitimate 
inference, that during the procew of the formation of acids, 
whether with carbonaceous matter, fulphur, or phofphorus, 
and alfo during that of the calcination of metals, an abforp* 
tion and fixation of air take place, and thus he gained a 
glimpfe of principles, in tie view of which hia fingular fa- 
gacity in devifing experiments, and his accuracy in executing 
them, would in all probability have alone conduced him to 
tliofe brilliant refults, to which the a6Iivc genius of Dr. 
Prieftley fo materially contributed. The fynthetic proofs 
only of this union of air with the bafe had been as yet afeer* 
tained : but Dr. Prieftley firft furnifhed the analytic proof, 
by diftevering the combination ; a difeovery which at once 
advanced the nafeent theory of Lavoifier, and, in his hands, 
became the fource of more than one important conclufion. 
In Auguft I774> Dr. Prieliley difeovered, that by heating 
certain metallic calces, efpecialiy the calcined mercury, (the 
precipitate per fe, as it was then called,) a quantity of air 
was leparated, while the mercury refumed its metallic form ; 
and this air, which he found was much purer than that of 
the atmofphore, he called, from the theory of the time, 
dephlogyiicated air. The fucce'eding winter he fpent 
and communicated to Lavoifier, and the other' philufopherg 
there, his recent difeovery : and the importance of this in- 
telligence to the views of Lavoifier uas manifell in a memoir 
pubnftied by him in the following year, 1775, on the nature 
of the principle which combines with metals during their 
calcination. In this paper he fliewcd, in conformity with 
the experiments of Dr. Prieftley, that the mercurial pre- 
cipitate per fey by being heated in a retort, gives out a 
highly refpirable air, {fince called oxygen,) and is itfelf re- 
duced to the metallic ftatc ; that combuuiblc bodies burn 
in this air with increafed brilliancy ; and that the fame mer- 
curial calx, if heated with charcoal, gives out not the pure 
air, but fixed air : — whence he concluded that fixed air is 
compofed of charcoal and the pure air. It has, therefore, 
fince been called carbonic acid, 

A fecond very important confequence of Dr. Prieftley's 
difeovery of the pure or vital air, was the analyfis of the air 
of the atmofphere ; which as accompliftied by Lavoifier 
in the following manner. He included fomc mercuiy in a 
clofe vcflTel, together with a known quantity of atmofpheric 
air, and kept it for fome days in a boiling ftate : by degrees 
a finall quantity of the red calx was formed upon the furface 
of the metal ; and when this ceafed to be p»'H>diiced, the con- 
tents of the veflel were examined. The air was found to be 
diminifhed both in bulk and weight, and to have been ren- 
dered altogether incapable of fupporting combuftiou or ani- 
mal life : part of the mercury was found con\ erted into the 
red calx, or precipitate per fe ; and, w'hich w as extremely 
fatisfaftbry, the united w eight of the mercury and the pre- 
cipitate exceeded the weight of the original mercury, by 
precifely the fame amount as the air had loft. To complete 
the demonftration, the precipitate was then heated, accord- 
ing to Dr. Prieftley’s firft experiment, and decompofed into 
fluid mercury and an air, which had all the propettiea 
of vital air ; and this air, when mixed with the unrefpirabk 
refidue of the original air of the receiver, campofed an 
elaftic. fluid poftefltng the fame properties as atmofpberical 
air, The vital air was afterwards made the fubje^ of va- 
rious experiments in refpeft to die calcination ot metals, to 
the cpmbuftion and converfion of fulphur and phofphorus into 
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*cid8, 8cc. 5 n which proccffes it was found to be the chief 
Agent. Hence, it was named by Lavoificr oxygeft (or gene- 
rator of acids)! and the unrefpirabic refidue of the atmo- 
fphere was called azotf (i, r. incapable of fnpporttng /j/r.) 

The new theory thus acquired farther fupport and con- 
fiftrncy : oxygen appeared to he one of the moft adive and 
important agents ot chemiftry and of nature ; combuftion, 
acidification, and calcination, (or, as it was now called, 
•xytfation. the calces being alfo termed oxyc/s, L e. fomething 
approaching to, or refetnbling acids, ) were proved to be pro- 
cefies firikingly analogous to each other ; all according in 
thefe points, that they produced a decompofition of the at- 
iwofpheric air, and a fixation of the oxygenous portion in the 
fubilance acidified or calcined. 

Time alone feemed now reqnifite to eflablifli thefe doc- 
trines, by exemplifying them in other departments of che- 
nncnl relcarch. In tlie year 1777, fix memoirs were com- 
municated to the Academy of Sciences by Lavoifier, in 
which his former experiments were confirmed, and new ad- 
vances were made to a confiderablc extent. Our country- 
men, Black aud Crawford, in their rcfearchrs refpefting 
latent heat, and the different capacities of bodies under dif- 
fvTcnt circumilances, had laid a folid foundation, on which 
the doftrines of combullion, refiilting from tlie foregoing 
experiments, nnghthe perfedfed, and tlie caufc of the light 
atul heat conneded with it might be explained. The firft 
mentioned philofoph( r, Dr. Black, had fliewn, that a fohd, 
when it is made to afTumc a liquid form, and a liquid, when 
it affumos the form of vapour, abforbs or combines with, 
And renders latent, a large portion of heat, which is again 
parted with, becomes free and cognisable by ibe fenfe of feel- 
ing, and by the thermometer, wlien the vapour is again con- 
deni'ed into a liquid, and the liquid becomes folid. In like 
manner, it was now faid by Lavoifier, during the procefs of 
combullion, the oxygen, which was previoufJy in a gafeous 
Hate, is fuddenly combined with the fubilance burnt into a 
liquid or folid. Hence all the latent heat, which was effen- 
tial to its gafeous Hate, being inllantaneoufly liberated in 
huge qua' tity, pjoduces flame, which is nothing more than 
Very condenfed free heat. About the fame lime, the analogy 
of the operation and necefiity of oxygen in the fun£lk>n of 
ivipnalion, with the pp'cedmg hypotbcfis of combullion, 
nas pointed out by Lavoifier. In the yiroeefs of refpira- 
tion, it was found that, although atnv’fpbrric air is inhaled, 
rarbo lic ac id and azot are expired. This animal operation, 
faid Lnvoilier, is a fjx’cies of flow combullion : the oxygen 
of the air unites with the fiiperfluou.'. carbon of the venous 
blood, and produces carbonic acid, while the latent or com- 
bined (the matter of heat) is fet free, and thus fup- 

plics the animal heat. Ingenious and beautiful, however, 
as this extenfion of the analogy appeared, the fubjeft of ani- 
mal temperature is Hill under many obfeurities and diffi- 
culties. 

The phenomena of chemiftry, however, were now expli- 
cable upon princip’es more fiiTiple, confillent, and fatisfadlory 
than by the aid of any former theory ; and the Lavoifierian 
dodtrines were every where gaining ground. But there yet 
remained a formidable objedlion to them, which was derived 
from a circumftance attending the foliition of metals in acids ; 
to wit, the produdlion of a confiderab’e quantity of inflam- 
mable air. If fulphuric acid (formerly called vitriolic acid, 
or oil of vitriiil) confills only of fulphur and oxygen, it was 
faid, and bar iron is nothing more than this metal in a fimple 
ftate, how does it happen, that when thefe two fubftances, 
with a little water, come in contaft, they Ihould produce a 
Jarge quantity of inflammable air'during-their rc-adlion ? 
This obje&ioa was unatifwerable) and appcai'cd to be fatal 
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to the whole theory ; but it was moll opportunely converted 
into an argument in its favour, by the great difeovery of the 
decompofition of water, made -l)y Mr. Cavendifh ; who re- 
folved that element, as it was formerly efteemed, into ( xy- 
gen and inflammable air. The latter has fince, thercfoiv, 
been called hydrogen^ or generator of water. This experi- 
ment was repeated with fullfuccefs by Lavoifier and his aflo- 
elates in 1783 ; and the difeovery was farther eltablilhcd by 
a fuccefsful experiment of the fame chcmills, carried on upon 
a grand fcale, in which, by combining the oxygen wdrii 
hydrogen, they produced water, and thus adding fynthefia 
to analyfis, brought the fa£l to demon (Irat ion. 

This new view of chemical phenomena, together with the 
immenfe acceffion of new compounds and fubftances, which 
the labours of modern experimenfalills had brought to light, 
appeared to demand a correfpondent alteration in the iiomeii- 
clature. Accordingly, a committee of fome of the ableli 
of the French chemiils, of whom Lavoificr was the moft 
confpicuous, undertook the arduous talk, and produced a 
regular fyftem of nomenclature, derived from the Greek 
language, which, although far from being faultlefs, and 
notwithftanding much oppofition with which it was at firft 
treated, has become the univerfal language of chemical 
fcience, and has been adopted even in pharmacy ai\d medicine. 

His work, entitled “ Elemens de Cliymie/* which was 
publilhed in 1789, was a model of fcientific compofition. 

We have hitherto viewed M. Lavoifier priiiLipally as a 
chemical philofophcr, in which charader he has founded his 
great claims to the refpcA and admiration of pollerity. But 
the other arts and fcicnces are indebted to him for confi- 
derable fcrviccs which he rendered them, both in a public 
and private capacity. In France, more than in any other 
country, men of fcience have been confulted in matters of 
public concern ; and the reputation of Lavoificr caufed him 
to be applied to, 1111776, to fuperintend the manufadlure of 
gunpowder, by the enlightened* mini Her Thurgot. By the 
application of his chemical knowledge to this manufadiure, 
he was enabled to iiicreafe the explolivc force of the powder 
by one fourth ; and while he fupprefled the troublefomc re- 
gulations for the coUedlion of its materials from private 
houfes, previoufly adopted, he quintupled the produce. 

The Academy of Sciences received many fervices from his 
hands. In addition to the communication of forty papers, 
relative to m.iny of the moft importmt fubjedts of plu ofo- 
phical chemiftry, which were printed in the twenty volumes 
of Memoirs, from 1772 to I793» he moft adlively promoted 
all its ufeful plans and rcfearches, being a member of its 
board of conlultation, and, when appointed to the office of 
treafurer, he introduced order into its accounts, and econo- 
my into its expenditure. When the new fyftem of meafurea 
was propofed, he contributed fome new and accurate experi- 
ments on the expanfion of metals. The national convention 
confuhed him with advantage concerning the heft method of 
manufa^luring affignats, and of fecuringthem againft forgery. 
Agriculture early engaged his attention, and he allotted a* 
conljderable traft of land on his ellate in the Vendome, for 
the purpofe of experimental farming. The committee of 
the conftituent aflembly of 1791, appointed to form an 
improved fyftem of taxation, claimed the afliftance of hia 
extenfive knowledge ; and he drew up, for their information, 
an cxtradl of a large work on the different produdlions of 
the country and their confumption, for which he had been 
long collefting materials. This was printed by order of the 
affembly, under the title of Riche ffes Territoriales de la 
France,’* and was efteemed the moft valuable memoir on the 
fubjedl. In the fame year, he was appointed one of the 
ccinmiffioncra of the national treafury ; aid he ^troduced 
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ifrto that department fuch order and regpilaritjr, that the 
proportion between tlie income and the expenditure, in all 
the branches of government, could be feen at a fingle view 
every evening. Tliis fpirit of fyttematic and lucid arrange- 
ment was, indeed, the quality by which he was peculiarly 
dillinguifhcd, and its happy influence appeared in every fub- 
jeft which occupied his attention. 

The private life of this diftinguifhed perfon was equally 
eRimable with his public and pliilofophical ebarafter. He 
was extremely liberal in his patronage of the arts, and en- 
couraged young men of talents in the purfuit of fcience. 
His houfe became a vaft laboratory, where pliilofophical ex- 
periments were inceffantly carrying on, and where he held 
converfaziones twice a week, at which all the votaries of learn- 
ing and fcience, foreigners as well as Frenchmen, affembled. 
In his manners M. Lavoifier was mild, affable, and obliging ; 
a faithful friend and huiband, a kind relation, and charita- 
ble to the poor upon his eliates ; in a w»ord equally claiming 
eileem for his moral qualities, as for thofe of his underftand- 
ing. 

The time was arrived, however, when diftlnSion even by 
his talents and worth was fo far from fecuring public refpedl, 
amid llu‘ tumults of the revolution, that it became a fource 
of danger, and, wdien joined with w-ealtb, wasa'moft certainly 
fatal. All thofe efpecially, who had held any fjtuation under 
the oM adminiftration, particularly in the financial depart- 
ments, were facrificed during the murderous reign of Ro- 
bcfplerre, to the popular odium. Lavoifier was feized and 
thrown into prifon, upon feme charges fabricated againit 
himfelf and twenty-feven other farmcrs-gcneral. During his 
confinement heforefaw that he (houldbe ftripped of all his 
property ; but confoled himfelf with the expectation that he 
would be able to maintain himfelf by the praftice of phar- 
macy. But a more fevere fait awaited him ; he was capt- 
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tally condemned, and dragged to the guillotine, on the 8th 
of May, 1794. 

The name of Lavoifier will always be ranked among the 
moil illuRrious chemifts of the prelent age, when it is con- 
fidered what an extenfive and beneficial influence his labours 
have had over the whole fcience* It has been faid, indeed, 
that if he be eftimated on the fcore of his aClual difeoveriesi 
not only Scheele and Prieftley, and Cavendilh, but many 
more, will Rand before him. But he poffeffed in a high de- 
gree that rare talent of difeernment, by which he detefied 
analogies, which others overlooked, even in their-own difeo- 
verics,»and a fagacity in devifing and an accuracy in com- 

f deting his experiments, for the purpofe of elucidating every 
uggeuion which he thus acquired, fuch as few philolophers 
have poffeffed. No one who did fo much, probably ever 
made fo few unfuccefsful or random experiments. It was 
the fingular pcrfpicuity, fimplicity and order to which lie 
reduced the phenomena of chemiRry, that claimed for his theo- 
ry the general reception which it met with, and occafioned the 
abandonment of thofe doClrines which prejudice and haliit 
confpired to fupport. Subfequent dilcoveries, however, 
and more efpecially thofe numerous faCts which the genius 
of Mr. Davy has lately brought to light, through the me- 
dium of that moR powerful agent of decompofition, gal- 
vanifm, have rendered feveral modifications of the Lavoi- 
iierian theory neceffary, and bid fair to produce a more ge- 
neral revolution in the language and doflrines of chemiRry. 

M. Lavoifier married, in 1771, the daughter of a farmer- 
general, a lady of plcafing manners and confiderable talents, 
ivho partook of her hufband’s zeal for philofophical inquiry, 
and cultivated chemillry with much fuccefs. She engraved 
with her own hand the copper plates for his laR work. Mad. 
Lavoifier has fince given her band to another eminent ohib- 
fopher, count Riimford. Gen. Biog. Hutcliinfon's Biog. 
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L£Arr,in Mineralogyi^Plumbum^ Lat.; PTontb^VT,\ Bley^ cryftallized. The cryrtalline form exhibits feveral varieties : 

Germ. 5 SaturnuSf Alchem. The colour of lead is of a t, in the ftiape of a cube, in which the planes are either 

blueiih-white ; when tarniihed, it becomes yellowiih. white, llraight or fpherical convex; 2, the cube having angles 

then blueifli, and at laft blueifli-black. Luftre, when untar- more or lefs deeply truncated ; 3, the cube having its edges 

uifhed, 3 ; hardnefs, 5 ; and fpecific gravity fomewhere be- and angles truncated at the fame time, but of thefe the latter 

tween 11 and 12. According to Briflcni, it was 11.352; the moii deeply ; 4, octahedron, cither perfect or truncated 

and a fpecimen tried by Gellert, which was found at Frey- on all its angles ; 5, oCtahedron having its angles and edges 

burg, was eftimated at 11.^5. Next to gold, platina, truncated at the fame time; 6, reCtangiilar four-fided 

and mercury, it is the heavieli metal, being upwards of prifms, acuminated on both extremities by four planes, 

eleven times heavier than an equal bulk ot water. (See which are fet on lateral edges; 7, fix-iided prifms, acumi- 

Specific Gravity.) The heavieft is reckoned the beft. nated by four planes; 8, thrce-fided tables, in which the 

It ttains paper and the fingers. Next to tin, it is the mod terminal olanes arc bevelled. The cryftals are ufually fmall, 

fufible ot all the metals. It is foluble in mod of the acids, or at molt middle-fized, either grouped on one another, im- 

though more readily fo in the nitrous diluted than the planted, or folitary. The planes of the crydals arc fome- 

others. By expofure to the moid atmofphere, it ruds or times fmooth, fometimes drufy, and fometimes rough. In- 

0x5 ds. It is malleable and uneladic, and its oxyd is eafily ternally it alternates from fpecular fplcndcnt to glidening ; 

fulible into a tranfparent yellow glafs. Having given this on the external furface it is lefs bright, but its ludre is mc- 

giMicral defeription, we lhall now conlider the ^vcral com- tallic. Its fi-aClure is more or lefs perfeCf foliated, and its 

binations under which it is found in nature. fragments arc cubical. In mafs it is often compofed of 

granular, and rarely of lamellar didind concretions, which 
Ores of Lead* are much grown together, and whofe fratlure has a radiated 

Sp. I. Lead Glance. Bleiglanv.. This fpccics contains afpe6l’. It is foft, pcrfcdlly fettile, eafily frangible, and 
two fubfpecies: (1) Common had’-glance^ the colour of the fpecific gravity is from 6.2 to 7.8 nearly. Before the 
which is of a lead-grey, of different kinds of intenfity ; in blowpipe it flies to pieces, and emits a fulphureous odour, 
fomc varieties it inciines to a blackilh cad. The lead-grey It is eafily tufiblc, and may be readily reduced on coal be- 
frequently contain', the preatea proportion of niver. It ‘h* blowpipe men it is alternately heated and 

fometimes prefents fuperticially an irideftent taruift. It oc- cooled, it at length difappears entirely ; and if it contain 
cursmaffive, diffeminated. in membranes, in angular piece., f'lvcr. a globule of that metal remains behind. According 
and in grains S fometime. It is met with reticulated, fpecular, to Vauquelin, Icad-glance contains the following ingre- 
corroded, and amorphous ; feldom cylindrical, but often “tents : 

From KirfchwaltJ, 



iu Otux Pouts. 

Kanipfilein. 

Ecklcrbcri;. 

Kautenbach. 

Col»)gne. 

X,.cad 

. 

54 

69 

68.69 

64 

63.1 

Sulphur 

- 

8 

16 

16.18 

i8 

12. 

Carbonated lime and 

filex 

38 

15 

16.13 

18 

19.67 

Oxyd of iron 

- 

0 

0 

0* 

0 

3-33 



100 

100 

lOT 

100 

98. I 


Dr. Thomfon gives the following as the refult of his ex- accompanied with filver ores, and fometimes with copper 
periments : ores. To mention all the places in w»hich it is found, w ould 

Lead - * By. 13 be to mention almod all the knowm mineral dillridls in the 

Sulphur - - 13.02 world. It is very abundant in Germany, and alfo in many 

Oxyd of iron - 0^5 'places in our own country. The lead-mines in Britain are 

fituated in Cornwall, Devonftiire, and Somerfetfhire, in 
98.65 Derbyfliire, Durham, Lar.cafhtre, Cumberland, and Weft- 

Lofs J.35 moreland ; in Shropfliire, in Flintlhire, Denbighfhire, Mc- 

rionethfhire, and Montgomery (hire ; at the lead-hills in 
joo Scotland, on the borders of Dumfriesfhirc and Lanarkfhire, 

in AyrdiiiT, and at Strontian in Argylefhire. Lead-glance 
Hence, as is evident from the above tables, the proportion is alfo found at Konigfberg in Norway ; in various parts of 
of lead varies from 54 to rather more than 85 per ient^ The Lapland, and in Denmark and Sweden ; in feveral diftrida 

n ortion of filver varies confiderably alfo; and it appears of Saxony, Hungary, Tranfylvania ; in France, Italy, and 
ave an effeft on the external afpe6t of the varieties. It Spain. Molt of the lead of commerce is procured from this 
fometimes alfo contains a fmall portion of iron ; and gold has ore: it is alfo ufed without farther preparation in the pot- 
even been found in lead-glance. It is, next to pyrites, the tcries for coarfe work, and alfo in the froelting of filver ores, 
moft common of metallic ores, and is found in beds and veins Lead-glance is now generally ufed as a fcientific name, in 
in primitive, tranfition, and fecondary mountains. It oc- preference to the lefs fignificant but common one galena^ 
curs idmoft always with blende and calamine, with which it on account of its luilre, which forms a ftriking feature in the 
appears to have a ftrong geognoftic affinity. It is frequently external afpe^ of this mineral, (2) The fccond fubfpecies 
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is ccmpaS Itad-ghnce. . The colour of this is very (imilar to 
that of the common lead-glancc. It occurs in mafs» dif- 
feminated, and fpecular. The latter is externally fmooth, 
fhtnin^, and fj^lendent ; internally it is glimmering) and its 
luftre 18 metallic. Its fradure iseven. It acquires a poliih 
by fri 6 lion ; its (Ireak is fhining) almolV fplendent ; not fo 
cafily frangible as the preceding fubfpecies ; but agrees with 
it in the other characters. Its fpecific gravity is about 7.4. 
It occurs in veinS) and is ufually accompanied with the 
common lead-glance. When the two fublpecies occur to- 
gether, the compadl always forms the fides of the vein, and 
this probably owing to its having been in a Icfs perfect ilate of 
folution. It is accompanied with black blende, common 
iron pyrites, copper pyrites, quartz, and heavy fpar. It is 
found in the lead-hills in Lanarkfhire, and in Derby (hire ; in 
divers parts of Germany, and in the valley of Chamouni in 
Switzerland. 

Sp. 2. Blue lead ore, Bhulhyer%^ Wern. Mine de plomb 
hleutf Broch. The colour of this fpecies is intermediate be- 
tween dark indigo blue and lead-grey. It occurs malTivc, 
and cryftallized in perfeCl fix-fided prifms, which are ufually 
fmall, low, fometimes bulging, with a furface rough and 
dull. Internally it is feelHy glimmering, and its luflre is 
metallic. The frafture is even, palling into the fine-grained 
uneven and flat conchoidal. Its fragments arc indeter- 
minately angular. It is opaque, gives a fhining metallic 
ftreak, is foft, fertile, and eafily frangible. Its fpccific 
gravity is 5.46. It eafily melts before tne blowpipe, burns 
with a weak blue flame, emits a flron^ fulphureous vapour, 
and is reduced to pure lead. It is coi^edured to be a com- 
pound of lead, oxyd of lead, and fulphur ; and is fuppofed 
by Werner to be intermediate between lead-glance and black 
lead ore. Klaproth difeovered in it phofphoric acid. It 
occurs in veins, accompanied with black lead ore, white 
lead ore, malachite, radiated copper azure quartz, fluor- 
fpar, and heavy fpar. It is not often to be met with, and 
has hitherto been found only at Zfchoppau in Saxony, at 
Schemnitz in Hungary, and Brittany in France. 

Sp. 3. Brown lead ore. Braun bleyerx, yftrn. La 
mine de plomb brutte, Broch. Its colour is hair-brown, of 
different degrees of intenfity, fometimes very pale, ap- 
roaching to grey, and fometimes it paffes into a clove- 
rowii. It occurs maflive, and is cryiiallized in lix-lided 
prifms. The furface of the cryflals is blackifh and rough, 
liiterually it is gliflening, and its luilre is refinous. The 
fradure is fmall and fine-grained uneven, and fometimes 
paffes into fplintcry. It is foft, not very brittle, but eafily 
frangible. Its fpccific gravity between 6.60 and 6.98. It 
melts eafily before the blowpipe, without being reduced ; 
and, during the cooling, (hoots into acicular cryftals. It 
docs not effervefee with acids. According to Klaproth, a 
fpecimen from Brittany contained, 

Oxyd of lead - - 78.58 

Phofphoric acid - I9*73 

Muriatic acid • - 1.65 
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It Is found at Miefs in Bohemia \ alfo in parts of Hun- 
gary, Saxony, and Lower Brittany. In Bohemia it it 
ufually found accompanied with lead-glance, white, black, 
and gmn lead ores, copper pyritet, bkodci qu^tz, heavy 
fpar I &c. It occurs in veins. 
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Sp. 4. Black lead ore* Sebwarat hleyeruy Wern. La 
mine de plmh^noire^ Broch. The colour of this fpecies is 
greyifh-black, of different degrees of intenfity. It occurs 
in mafs, diffeminated or cellular, or cryflallized in fix-iided 
prifms. It is externally fplendent, and internally only 
fhining. Fradure fmall grained uneven, which fometimes 
pafFes into imperfeA conchoidal and fplintery. Fragments 
indeterminately angular ; flreak greyifh w'hite ; rather 
brittle ; eafily frangible. Specific gravity about 5.8. Be- 
fore the blowpipe it decrepitates, and is quickly reduced to 
a metallic globule. According to Lampadius it confills of. 


Lead • - - 72 

Oxygen . . . 7 

Carbonic acid - . 18 

Carbon - • 2 

99 

Lofs I 
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It occurs in veins, and is almofl always accompanied with 
white lead ore and lead-glance, and ufually in the upper part 
of veins, and in new lead-glance formations. It very fre- 
quently encrufts lead-glancc, and is covered with white lead 
ore, and fometimes by green lead ore. It is found in the 
lead-hills of Scotland ; in different parts of Bohemia, Saxony, 
Salzburg, Lower Brittany, and in Siberia. Previoufly to 
the analyfis of Lampadius, Haliy fuppofed it was a phof- 
phate of lead ; and Werner fufpefted that it was a compound 
of lead, carbonic, and fulphuric acids. 

Sp. 5. White lead ore. Wiei^bleverx, Wern. Mine de 
plomb blanche^ Broch. This is a carbonate of lead : its co- 
lour is a greyifh or yellowifh-white, with very many different 
(hades. It occurs mailive, diffeminated, but moft irequently 
in a cryftallized ftaie. The chief varieties are, i, the cunei- 
form octahedron ; 2, the pyramidal dodecahedron 5 3, the 
preceding, with a fix-fided prifm interpofed between the py- 
ramids ; 4, the fame as variety 3, with fummits of the ter- 
minal pyramids replaced by a fix-fided plane ; 5» a fix-fided 
prifm, with fummits compofed of four planes ; 6, the fame, 
with fummits compofed of fix planes. The cryftals are 
ufually fmall. Externally, it is fpecular fplendent, feldotn 
gliftening : internally, it alternates from highly fplendent to 
gliftening, and its lultre is adamantine, inclinii^ fometimes 
to femi-metal ic, and fometimes to refinous. The fracture 
is commonly fmall conchoidal, but it frequently paffes into 
fine-grained uneven, and even into fine fplintery. Frag- 
ments indeterminately angular. It alternates from tranf- 
luccnt to tranfparcnt, and is duplicating. It is foft, brittle, 
and eafily frangible. Its fpecitic gravity is from 6 to 7.24, 
according to the different fpecimens that have been analyfed. 
Before the blowpipe it flies to pieces, becomes red, yellow, 
and laftly melts into a globule of metallic lead. It makes a 
ftrong enervcfcence with acids. Its furface becomes black, 
when expofed to the vapour of fulphuret of ammonia. Its 
conftituent parts are as follow : 

From Mbrrta, From the Lpa<l-hillt in Srotland, 

analyfed by Macquer. analyfed by Kla^irotli. 


Lead 

67 

Lead 

77 

Carbonic acid 

H 

Carbonic acid 

16 

Oxygen 

6 

Oxygen 

5 

Water 

3 

100 

Water 

2 

100 
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But according to two other able chetni(l8» they are as follow : 


From ZcUcrfeld. 

Firft Analyfis. 

Second Anslyfis 

From lldekinfkoi. 

FiHl Atialyfis. 

Second Anslyfit. 

Lead 

- 81.2 

80.25 

Lead 

74.0 

77.50 

Carbonic acid 

i6. 

16.0 

Carbonid acid 

- 15.0 

15.0 

Oxyd of iron 

0.3 

0.18 

Oxyd of iron 

- 0.25 

1.25 

Alumine 

, - 0.0 

0.75 

Alumine 

I.O 

0.0 

Lime 

0.9 

0.50 

Lime 

« I.O 

0.0 




Silicia 

- 0.25 

0.50 


984 

97.68 

Water - 

- 4.0 

0.0 

Lofs 

- 1.6 

2.22 








95.50 

94.25 


100 

100 

Lofs 

4-5 

5-75 


100 100 


It is altnoil always accompanied with lead^glancc^ and 
occurs in a kind of repofitory. It occurs in veins that tra- 
verfe tranfition rocks ; though it is found with different 
minerals* in different parts ot the world. It is not a rare 
mineral, but is feldom found in fuiSicient quantities to make 
it worth while to feparate it from the adhering fpar, for the 
purpofe of fmelting. The fineft fpecimens of this ore that 
are found in Britain come from the mines of Derbyfhire, 
the Lead-hills in Scotland, and Minera in Denbighfhire. It 
is alfo found on many parts of the continent. 

Sp. 6. Green lead^ore. Griin Bleyer%i Wern. La mine de 
plomb verte^ Broch. The colour of this fpecies is grafs- 
green, which paffes on through the feveral fhades into green- 
ifh-white. The olive and piftachio-green colours are the 
moft common. It occurs maffive, fometimes reniform, but 
moft commonly cry ftallized. The varieties are, i .Six-fided 
prifms, having fometimes the lateral and terminal edges 
truncated, a. When the lateral edges of the prifm con- 
verge towards their extremities, an acute, double, lix-fided 
pyramid is formed. The cryftals arc fmall ; externally 
imooth and fhining ; internally gliftening ; the luftre is re- 
finous. Frafture fmall-grained, uneven. Fragments angu- 
lar and blunt-edged : it is foft, rather brittle, and eafily 
frangible. Specific gravity 6.27 to 6.94. Before the blow- 
pipe it does not fly to pieces ; it becomes white and melts 
eafily into a greyifti-globule, but without being reduced 
even with charcoal. It diffolves in acids without cfBcrvef- 
eence. Its conflituent parts are, according to 


Fourcroy 
Oxyd of lead 

79 

Phofphoric acid 

18 

Oxyd of iron 

I 

Water 

2 

Vauquelin 

100 

Lead 

45.18 

Phofphoric acid 

18.17 

Oxygen 

4.05 

Silica 

3 *- 

Lofs 

99.40 

60 


100 


guifhed by the following charaderiftics : i . The frafturc 
in this fpecies is fine-grained, uneven, but in white lead-ore 
it is more or lefs conchoidal. 2. Its luflre is refinous. 
j It is harder than white lead-ore. 4. It is of a greater 
Ipecific gravity. 5. Its cryftals are often aggregated : and 
6. Its prifms are generally fhorter than thole of white 
lead-ore. 

Sp. 7. Red lead ore, Roth Bleyer%^ Werner. Red lead- 
JPar^ Kirwan. La mine de plomb rouge^ Brochant. The 
colour of this mineral is of a hyacinth-red, fometimes in- 
clining to aurora, or morning red. It occurs moft com- 
monly cry ftallized in broad four-fided prifms, and but rarely 
maffive, diffeminated, or in membranes. The cryftals are 
middlc-fized : the furface of the cryftals is ufually fmooth, 
fometimes longitudinally ftreaked. Both externally and 
internally it is fplendcnt, and its luftre is intermediate be- 
tween adamantine and refinous. The fradiure is foliated, 
and the fragments indeterminately angular. It fometimes 
inclines to tranfparency. It is loft, and in the interme- 
diate ftate between very brittle and feAile : eafily fran- 
gible, and its fpecific gravity is fomewhere between 5.6 and 
60. It melts before the blowpipe into a blackifh fcoria, 
and may be partly reduced with borax. Specimens have 
been analyfed by 


Vauquelin 

Lead 
Oxygen 
Chromic acid 


Thenard 



Oxyd of lead 
Chromic acid 


64 

J6 

100 


100 


Green lead-ore is, when of a pale colour, apt to be con- 
founded wiUi the preceding fpecies \ but it may be diftin^ 


This mineral occurs in veins in gneifs and mica date, where 
it is accompanied with lead-glance, green lead-ore, iron 
pyrites, brown iron-ftone, native gold and quartz. It is 
found in Siberia ; at Annaberg, in Auftria ; and at Upper 
Faucigny, in Savoy. It is much ufed as a pigment, on 
account of its beautiful colour, its durability in the atmo- 
fphere, and its mixing readily with oil. 

Sp. 8 . Tellow lead-ore: Gelhes Bleyerx^ Werner. Tellow 
lead’/poTy Kirwan and Hatchett. Plomb molybdate^ Haiiy. 
La mine de plomb jaune^ Brochant. In this fpecies, which 
has long been known to mineralogifts, the lead is mineralized 
by a particular metallic acid, called the molybdic acid. 
It occurs fometimes maffive, more commonly cry ftallized in 
fmall cryftals ; the forms of which are redangular tables 
of four fides, or of eight fides, bevelled ; the cube, octahe- 
dron, equiai^ular eight-fided table, and double eight-fided 
pyramid. The tables are ufually broad and thin, and alter- 
nate from finali to very fmall, but are feldom nuddlc-fized. 
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Tl^cy are fometimes united, frequently interfeA one another, 
and form thus the cellular external Ihape. Its colour is 
wax -yellow, and its luftre diftin^lly waxy : it is tranflucent, 
foft, and eafily frangible. Its fpecific gravity is ra.her 
more than 5. 1 \ decrepitates before the blowpipe, then 

melts into a glolnile of a grey colour, in which are diffe- 
minated particles of metallic lead. It gives a blueifh-white 
colour to borax : it occafionally produces a glafs, which is 
greenini-blue, and fometimes deep blue. Its conilituent 
parts are, according to 

Klaproth's Analyfis Hatchett’s Analyfis 


Oxyd of lead - 64.42 

Oyxd of lead 

58.40 

Oxyfl of molybdena 34*25 

Molybdic acid 

38.0 

Oxyd of iron 

2.08 

98.67 

Silica 

0.28 

Lof. I.J3 


98.76 


Lofs 

1.24 

Macquart^ 

's Analyfis 

100 


Lead 

5^-75 

Molybdena 

28.0 

Oxygen 

4.76 

Carbonate of lime - 

4.50 

Silica 

4 * 


1 00.0 1 


It occurs on compaA lime-ftonc which is much traverfed 
by \ein8 of calc-fpar, and is accompanied with molybdena 
and yellow lead-earth ; fometimes, alfo, with lead-glance, 
white, black, and green lead-ore, calamine, blende, the calc and 
fluor fpars. It is found principally in Curinthia 5 though 
it is met with at Annaberg, in Aullria j alfo in Hungary, 
Silcfia, Saxony, IBurgundy, in France, and other places. 

Sp. 9. Lead •vitriol^ or Jtdphate of lead. Blei njitnoU 
Werner. Native vilriol of leady Kirw. Plomh fulpheUcy 
Haiiy. Le wtriol de plomh notify Broch. The colour of 
this mineral is ycllowim grey, paffing to the greyifh-vdiite ; 
the lighter varieties incline much to white. It occurs only 
in cryilais, the form of which is rectangular oClahedrons 
with obtufe pyramids. The pyramids are often varioufly 
truncated. Externally it is {billing ; internally it is fplen- 
dent. The fraClure is compac t ; it is more or lefs tranf- 
parent ; is foftifh, rather brittle, and its fpecific gravity is 
about 6.3. It is eafily reduced, when expofed to the flame 
of the blowpipe ; and is infoluble in the nitrous acid. 
Specimens have been analyfed by Klaproth ; the conilituent 
parts are as follow : vi%. of that from 



Anglelea 

Wanlock-head 

Oxyd of lead 

71 

70.50 

Sulphuric acid 

24.8 

* 5-75 

Water of cry ftallization 2 

2.25 

Oxyd of iron 

- I 



98.8 

98.50 

Lofs 

1.2 

1-5 



100. 


It occurs in lead-glance veins at Wanlock-head, and in 
brown iron-ilone in the ifland of Anglefea. It has alfo been 
found in Icad-glance veins in Andalufia in Spain. 

Sp. 10. Lead-earth. BUyerde^ Wcm. is divided into two 
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fub-fpecies ; 1, the coherent; and a, the friable, i. The 
coherent, or indurated, named Ferhdrtete bleierde by Wer- 
ner, and Le plomh endures by Brochant, is of a yellowifh or 
greenifli-grey colour. It is fometimes of a fmoky-grey, and 
iometimes of a li^^ht browni(h-red. It occurs in mafs. In- 
ternally it is glimmering, palling into glillening, and its 
luftre is refinous. Its fraClure is flne-grained, uneven, paflit^ 
into fine fplintery and earthy, alfo into flat conchoidal. It 
is opaque, or, 'at moft, (lightly tranflucent on the edges. It 
ives a brownilh ftreak, is loft, paffing into friable, not 
rittle, but inclining to feClile, and heavy. It is eafily re- 
duced before the blowpipe, effervefees with acids, and 
becomes black with fuiphuret of ammonia. It docs not 
appear to have been hitherto aiialyfed, but is fuppofed to be 
in intimate combination with white lead ore, alumine, and 
lime. It occurs with the other ores of lead, and is ufually 
accompanied by iron pyrites, malachite, and quartz. The 
yellow varieties are found in Derby Ihire, in fome parts of 
Germany, at La Croix in France, and at Nertfchinlk in 
Siberia. The other varieties are to be met with at Wan- 
lock-head, in the Lead-hills in Scotland, in Saxony, Silefia, 
Poland, &c. 2. Friable lead-earth. Zerreibliche hleierdcy 

Werner. Le plomh terreux friahky Crochant, is of a yel- 
lowifh-grcv, approaching to fulphur-yellow. It occurs 
friable; Iometimes maflive and diffeminated. It is com- 
pofed of dull dufty particles, which arc more or lefs coher- 
ing, and foil a little. It has a rou,;h feel, and is heavy. 
It occurs on the furface, or in the hollows of other minerals, 
and is ufually accompanied with lead-glance, and other 
ores of lead, and is found at Wanlock-head, and the Lead- 
hills of Scotland, at Zellerfeld in the Hartz, near Frey- 
berg, in the deflorate of Saxony, in the mountains of 
Cracow, Poland, at La Croix in France, and at Berefowfleoi 
in Siberia. It is in fome inftances* obferved paffing into 
folid lead-earth, and is probably formed by the decompo- 
fition of lead-glance, as it is frequently met with as a cruft 
upon it. 

Sp. 11. Another Ipecies is denominated a triple fuiphuret 
of lead. Its colour is dark-grey inefining to black. It occurs 
cryftallized. Its primitive figure is a redlangular tetrahedral 
prifm, befides which it prefents the following varieties, 
j. The primitive cryftal with folid angles replaced by tri- 
angular planes. 2. The fame with lateral edges replaced by 
redtangular planes. 3. The fame terminated by a very low 
and deeply truncated tetrahedral pyramid. 4. Four prifms 
with deeply truncated dihedral fummits joined togetlicr at 
their bafes, forming a re£tangular crofs. The cryftals are 
large and middle-fized, with a fplendcnt metallic luftre 
both externally and internally. Its tra£liire is coarfe-grained 
and uneven. It is brittle and ealily frangible. It leaves a 
faint black trace when rubbed on paper. Specific gravity 
5.8 nearly. When fuddenly heated before the blowpipe it 
crackles and fplits; but if gradiial'y heated it melts, and on 
cooling forms a globule of a dull metallic grey colour. Ac- 
cording to an analyfis made by Mr. Hatchett, it confills of 


Sulphur 

17 

Lead 

42.62 

Antimony - 

24-23 

Copper 

- - 12.8 

Iron 

- - 1.2 


97.85 

Lofs 

2.15 


200 


It is found in a mme at Huel-Boys in Cornwall. 
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The exiftenceof natire lead, wWchhMbeenmainUinedby 

revenl mineralogifta, it extremely doubtful. What hat 
been regarded at a native oxyd of the metali appeart to be 
rather an earthy carbonate. 

ond Analjfit of Lead 0 /w.— -The moft common lead 
galena, is very eafily analyfed, (ince it is in general com- 
pofed of fulphur and lead only. Thofe ores in which the 
lead is combined with other metals, fuch as fUver, copper, 
antimony, bifmuth, or arfenic, are attended with more dif* 
ficulty in their andyfis. If the analyfis be made with a view 
to fmelt the ore, it will be proper to make the affay in the 
dpr, as well as the humid way. The latter will not only 
give the proportion of lead, but its other conftituents, by 
which the fmelter is direfted to ufe the moft proper fluxes. 
W^hen, however, the analyfis is made for publication, it 
(hould be made by the humid procefs only, and with the 
greateft accuracy. 

The common galena may be analyfed by difTolving too 
grains in dilute nitric acid : the lead will be diflblved, and 
the refiduum will be fulphur, which may be feparated by 
wafliing. The folution of lead may now be treated with 
fulphat of foda. The lead will be precipitated, with the 
fulphuric acid in the ftate of fulphat of lead. The prcci- 
pitate being collected, and dried at the temperature of 212, 
mil ft be weighed, allowing for every 100 grains of the ful- 
phat 6^.85 of lead. The lead may be precipitated from 
the nitric acid, in the metallic, by means of a plate of zinc. 
The metallic lead will adhere to the plate, and may be 
feraped off and fqueezed into lumps, after being wafhed in 
clean water. The lead obtained by this procefs is fuppofed 
to contain a fmall portion of the zinc. It will, therefore, 
be proper to digeft the metallic precipitate, for a (hort time, 
in very dilute fulpliuric acid, and then wafli the lead with 
warm diftilled water. 

A fpechnen of galena containing filex was analyfed by 
Vauquelin. 

By flowly roafting a portion of this ore, ho found it 
loft It ^er cent, of fulphur. Another portion was treated 
with dilute nitric acid, which diflblved the lead. The rc- 
fiduum was heated to rednefs, by which the fulphur was 
volatilized, leaving behind 16.76 of fulphur. To the folu- 
tion ill nitric acia was now added fulphat of fo<bi| when the 
lead was precipitated in the ftate of (ulphat. He obtained 
<}% 1 percents of Irr^d, allowing ico of fulphat feo contain 
75.72 of metall'c Ivad. He then faturated the iiquoV with 
ammoni? , uhich threw down per cent, of oxyd of iron, 
and ' ' lained from the rcmauniig liquor, by carbonat of 
pouiii, 3 per cent, of carbonat of Time. 

A fp^cimen of lead ore from Cornw'all, confifting of lead, 
f.ilpliiir, antimony, and copper, vras analyfed by Mr. Hatchet. 

To 2CO grains of the ore, in a matrafs, he added 2 oz. 
of mviriatic acid. While the mixture was heated, he added, 
from time to time, finall quantities of nitric acid, juft to 
keep up an effervefcence, till the metals were oxydated and 
diflblved. After being gently heated for an Iioiir, the folution 
was complete, and of a green colour, owing to the prefcnce of 
the copper. The fuljmur was feparated and floated on the 
liquid, which being collected was digefted in muriatic acid. 
When dried it weighed 34 grains. 

The above folution, and the muriatic acid in which the 
fulphur was digefted, w’ere mixed together, and diluted with 
fix pints of dilh'led water. The mixture became turbid and 
milky, and on being filtered while hot, the pure oxyd of 
antimony was left on the filter, which being waflied with 
more boiling water, was dried, and found to weigh 63 grains. 

When the liquid, which had paffed through the filter, 
including the waihings, was cold, fome mnriat of lead was 
idepoiited in cryftals, owing to the fparing folubility of that 


265 

fait. The whole was evaporated to a fmall ^entity of 
liquid, fufficient to hold the copper in folution. This liquid, 
being feparated from the folid muriat of lead, contained a imaU 
portion of that fait. A few drops of fulphuric acid being 
added, however, feparated it in the ftate ot fulphat of lead. 
The mafs of muriat of lead left by evaporation, was now 
re-diffolved in boiling water, and decompofed by fulphat of 
foda. The fulphat of lead here formed was added to that 
produced from the feparated liquid, which, on being wafhed 
and dried on a fand bath, weighed 120.2 grains. The green 
liquid containing the remainder of the muieral was now fa- 
turated with ammonia and an excefs added, which rediffolved 
the oxyd of copper, forming a vivid blue folution. A quantity 
of oxyd df iron now fubfided, which, when feparatedf 
weighed 2 4 grains. 

The folution of copper was now evaporated nearly to 
drynefs, and boiled with pure potafh, when the black oxyd 
of copper was left at the bottom of tlie veffel, which being 
wafhed, feparated, and dried, weighed 3 a grains. 

In this analyfis the fulphur is the only fubftance feparated 
in a ftate of purity. The 63 grains of oxyd of antimony, 
allowing it to contain 23.08 percent, of oxygen, would afford 
48.46 of antimony. The 120.2 grains of fulphat of lead, 
allowing 70.910 the 100, will give 85.22 of metallic lead. 
The 32 grains of oxyd of copper, reckoning the black 
oxyd of that metal to contain 25 ki the 100, will yield 
24 grains. If wc reckon the 2.4 grains of iron at 1.2 of 
metal, the analyfis will ftand as follows, when reduced to 100. 


Sulphur 

,7 

Aniimony - 

24.46 

Lead 

- - 42.61 

Copper 

- - 12 

Iron - 

- - 1,2 


97 2 t 7 

Lofs 

2.73 


100 


If filver had been a conftituent cf the ore, the above pro- 
cefs would have been a little varied. In the firft operation 
the ore would have been diffolved in dilute nitric acid, the 
antimony would have been in part difl'olved, aii‘^ lefi at the 
bottom of the veffel in tlic ftate of white oxyd. When the 
fulphur and the antimony, by dilution with wa n, are fepa- 
rated, muriatic acid muft be added. The lead will be in 
part, and the filver entirely precipitated. The muriat of 
lead may be feparated, by boiling water, from the muriat of 
filver. The weight of filver may be rated at 77. C2 in the 
100 of muriat. The other metiils may be feparated as in the 
laft procefs. i\ifeniateJ lead ore requires a dill different 
treatment. It was analyfed by Vauquelin as follows : 100 
parts of ore were roafted for half an liour, occafionally adding 
a little tallow, which ferved to reduce the arfenic and facili- 
tate its cfcape. By this treatment it loft 38 parts, v/hich 
was prefumed to be oxyd of arfenic ; the remaining mafs was 
boiled with ftrong muriatic acid for an hour. A quantity 
of oxyrnuriatic acid efcaped, the liquid affumed a red colour, 
and white 'needle-formed cry ft .Is of muriat of lead were de- 
pofited. The lead by this means was converted into a mu» 
riat, which being diflolved in boiling water, and treated with 
fulphat • of foda, affords fulphat of lead. This precipitate, 
being feparated and dried, weighed 25 parts,, which gave 
20.3. of lead, allowing 80.8 to the ico of iilphat. The 
liquid thus freed from lead being treated with pure ammo- 
nia, afforded a precipitate equal to 39 grains, confifting of 
oxyds of iron and arfenic. The circumftanci of oxymu- 
riatic acid being given out, when the oxyd of lead was dl- 
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with muriaticy induced Vauquelin to conclude that it 
waa in a ftate of peroxyd. 

In this account the laft part of the procefs appears incom- 
pletey in the circumftance of the oxyds of arfenic and iron 
being mixed together. The former of thefe may be fepa- 
ratedy boiling the two in nitromuriatic acid> which will con- 
vert the ox yd of arfenic into arfenic acid> and which may be 
feparated by wafhing. 

Carbonat of lead was analyfed by Klaproth by the fol- 
lowing procefs. He introduced loo grains of this ore into 
aoo grains of nitric acid, and diluted it with 300 of water. The 
carbonic acid efcaped in the form of gas, making a lofs of 
weight equal to 16 grains. Into this foTution was iufpended 
a cylinder of zinc. In 24 hours the lead was precipitated 
in the metallic ftate, which weighed 77 grains, equal to 82 
of ox yd. 

Sulphat of lead has been analyfed by the fame chemift : 
100 grains of the ore were firft roafted at a red heat, 
and loft two grains, fuppofed to be water. The remainder 
was then heated to rednefs in a platina crucible, with 400 
grains of carbonat of potafh. By this treatment a yellow 
reddiflimafs was obtained, which, on being digefted in water 
and filtered, afforded 72 grains of oxyd of lead. This was 
next diffolved in nitric acid, leaving a refiduum of one grain 
of oxyd of iron. A cylinder of zinc was introduced into 
the folution, which precipitated the lead in the metallic form, 
in quantity equal to 665 grains. 

The alkaline matter which paffed through the filter con- 
tained the fulphuric acid of the fulphat of lead, with ex- 
cels of alkali ; this excefs was faturated with nitric acid, and 
the liquid acetat of barytes was added, which caufed a pre- 
cipitation of 73 grains of fulphat of barytes : this he allows 
to contain 25 grains of real fulphuric acid. Hence the re- 
fult is 

Oxyd of lead ‘72 

Sulphuric acid 25 

Oxyd of iron 1 

Lofs by roafting 2 

100 

We have alfo the analyfis of phofphat of lead by the fame 
ingenious experimenter. 

One hundred grains of this native fait were diffolved in di- 
lute nitri: acid ; into this folution nitrat of filver was 
dropped till it ceafed to precipitate ; the infoluble fubftance, 
which was muriat of filver, weighed 1 1 grains, indicating 
f 7 grains of muriatic acid. Sulphuric acid was now added 
to precipitate the lead. The fulphat of lead weighed 
106 grains, which contained 78.4 of oxyd of lead. The 
excels of fulphuric acid was feparated by adding nitrat of ba- 
rytes, and then nearly neutralized with ammonia. On adding 
acetat of lead, 82 grains of phofphat of lead were prcci- 
pitated, containing 18.37 phofphoric acid : muriatic acid 
was now added to the folution, and evaporated to drynefs. 
The dry mafs was digefted with alcohol, which diffolved the 
muriat of iron, the prefence of which was detected by pruf- 
fiat of potafli, and was found equal to ^‘^th of a grain of the 
oxyd. 

Molybdat of lead was analyfed by Mr. Hatchett. He 
boiled a quantity of the ore in fulphuric acid, till it would 
diffolve no more. This formed fulphat of lead, while the 
molybdic acid was diffolved in the fulphuric acid. The ful- 
phat of lead was boiled with carbonat of fo<fi, and was 
afterwards waftied ; this appeared to be carbonat of lead. 
The nitric acid diffolved all but a fmall quantity, which was 
found to be filex. The lead was next precipitated by ful- 
phuric acid. The folution of the molybdic acid in the fuU 
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phuric acid was diluted with 16 parts of water, and fatti- 
rated with ammonia ; when a little oxyd of iron was preci- 
pitated. The folution was now evaporated to drynefs, and 
• a ft rong heat given to fublime fulphat of ammonia. 
The remaining mafs, when boiled with nitric acid to dry- 
nefs, afforded molybdic acid of a yellow colour. 

Although the analyfis of the different ores may have 
pointed out general methods for the feparation of lead from 
other metals, fome hints may, neverthclefs, be neceffary for 
the analyfis of the alloys of lead. Lead is moft frequently 
alloyed with tin, filver, antimony, or bifmuth. The alloy 
of tin and lead may be diffolved in dilute nitric acid. The 
lead will be entirely taken up. Moft of the tin will be pre- 
cipitated in the ftate of white oxyd, by the addition of water. 
If fulphuric acid be now dropped into the folution till the 
precipitation ceafes, the lead, in a ftate of fulphat, will be 
obtained, while the remaining tin will be diffolved, which 
may afterwards be precipitated by an alkali. Lead may be 
feparated from filver, when both thofe bodies are diffolved in 
pure nitric acid. The filver may be precipitated in the ftate 
of muriat, by adding muriat of foda. The lead may be 
afterwards precipitated by fulphuric acid. 

To feparate lead from bifmuth, diffolve the alloy in nitric 
acid, then add a large quantity of water, which will preci- 
pitate the greateft part of the bifmuth in the ftate of white 
oxvd. The lead nmft then be precipitated by fulphat of 
foda, and the remainder of the bifmuth by potafti. 

The feparation of lead from antimony may be performed 
by the fame procefs ufed for feparating tin. 

It may be here noticed, that in all cafes where fulphur is 
prefent in the ore or fubftance to be analyfed, if the nitric acid 
be employed, it muft be very dilute, otherwife the fulphur 
will combine with its oxygen, forming fulphuric acid. In 
order to know when this takes jplace, the folution muft be 
tefted with nitrat of barytes. If, however, lead be prefent, 
it will combine with the fulphuric acid as it is formed, and 
fall to the bottom of the veffel. 

ReduSion of the OreSf or fmelting of Two procefles 

are employea for the fmelting of lead, the one by means 
of a blaft furnace, called an ore-hearth, and the other by 
means of a reverberatory furnace. The latter is ufed 
throughout Derby (hire and North Wales, and is undoubt- 
edly the beft, where coal is not very fcarce. In the former 
of thefe methods the ore and the fuel are mixed together, 
and expofed to the blaft. The heat diflipates the fulphuret, 
the oro being the common fulphuret of lead or galena. 

A portion of Ae lead is oxydated, which facilitates the vitrifi- 
cation of the earthy parts of the ore, and of the fuel. 
Thefe together connitute the flag or fcoria. The metallic 
lead falls into the lower part of the hearth, and is defended 
from the oxygen of the blaft by the fcoria, which is fluid 
upon its furface. The liquid lead is let off from time to time, 
always retaining a portion for the fcoriae to float upon. 
When the whole of the lead is to be drawn off, the blaft 
muft be ftopped, and fothe lime thrown upon the liquid 
fcoria, which renders it concrete, while the lead, being ftill 
liquid, can be run off. 

The reverberatory furnace employed for fmelting lead is 
made on the fame plan with thofe commonly ufed for 
puddling iron, differing in fize, and a few other particulars. 
The fire is made at one end, and the flame plays over the 
hearth, entering an oblique chimney at the end, which ter- 
minates in a perpendicular one, of confiderable height. The 
length of the hearth, from the place whenl the Are eor 
ters, to the chimney, is 1 1 feet j two feet of this length next 
the fire conftitutes the throat of the furnace ; the width of 
the fame is four feet, and its depth aboot fix inches i the 
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lenjrtli of the fire-place is four feet, equal to the width of 
the throat ; its width two feet, and depth three feet, from 
the grate up to the throat of the furnace. The reft of the 
hearth is a concave furface, nine feet long, four and a half feet 
wide at the throat of the furnace, feven feet four inches wide 
at the diftance of two feet from the throat, feven feet two 
inches in the middle of the hearth, five feet eleven inches at 
two feet dillance from the chimney, and twt> feet ten where 
the fljme enters the chimney at two apertures, each ten 
inches fquare, Thefe apertures terminate in the oblique part 
of the chimney, the fedlion of which is i6 inches fquare, 
which communicates with the main clumney, the fedion of 
which is twenty inches fquare, fuppoiing a flraight horizon- 
tal line, drawn from the lower plant* of ilie lliroat of the 
chimney to the oppofitc fide of the furnace ; the lowed part 
of the concave hearth, which is in the miilille of this cavity, 
is nineteen inches below this line, the roof of the furnace 
being feveuteen inches above the fame line : the reil of the 
hearth is conformably concave. 

On each fide of the furnace are three openings, each 
about ten inches fquare, provided with iron doors, to be 
removed as occaSon may require. They arc arranged at 
equal dillances from each other, bplvveen the commence- 
ment of the hollow hearth and the entrance inti> the chimney. 
The lower part of thefe apertures i;; on a Icvtl with thehori- 
zontal line above alluded to, being for the puipofe of 
ilirring and raking the ore, &c. Bdidcs the larger open- 
ings there are two fmall apertures, one below the large 
middle opening, and nearly on a Icv' l with the bottom of 
the furnace ; the other under that next to the chimney, at 
fome diilance above the firfl aj>erture. The firll is a tap- 
hole for the lead, and the fecoud for the fcoria. The ore 
is introduced by a vefiel in the fhape of a hopper, placed in 
the roof of the furnace. 

Previous to the ore being fmelted, it requires to be fe- 
parated as much as poffible from the earthy matter in which 
It is imbedded. Although galena, which is the ore ufed 
for fmelting, is mod frequently accompanied by fulphat of 
barytes, fluats and carbonat of lime, it is found to exid in 
crydallized didin^l maffes, and can be feparated from it by 
mechanical means to a tolerable extent. The whole of the 
ore, with the earthy matter, is pounded to a certain degree 
with hammers, and is chiefly performed by women. In lome 
places, however, it is broken down by pafling it through 
iron rollers prefTed together by great weights. After the 
ore has been thus reduced, the earthy matter is feparated 
by wafhing. The powder to be waflied is introduced into 
m fieve or riddle, and placed in a large tub full of water. 
By a certain motion given to the riddle, the lighter or earthy 
arts are thrown over the edge of the fame, while the galena, 
y its greater fpecific gravity, is retained. This procefs 
requires great dexterity, which can be acquired by expe- 
rience only. There arc, how'^ever, fome impurities which 
cannot be feparated by this mechanical procefs, and are ge- 
nerally fmelted with the ore. Thefe are blinds or blacks 
jachf called by the fmeher mock ore ; pyrites, or fiilpliuret 
of iron, named Bra%il by the workmen. When the ore 
abounds much with thefe fubllaiicts, tlie procefa of finclt- 
ing is more difficult, and requires an extra alfillance of flux 
to reduce it. 

fn the flate above deferibed, the ore is introduced at the 
hopper in the middie of the roof of the furnace, and fpread 
upon the concave hearth, to expofc it as to the flame as 
poffible, in order to facilitate the efcape of the fulphur. 
'J’his Ihould be performed by a long continued heat w*hich 
is noi violent, in «;rder that the fulphurci itfclf may not 
be volatilized, an effert W'hich, more or lels, always takes 
p.ace. l*he moment the fulphur has kft the lead it begins 
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to combine with oxygen. The oxyd of lead, thus formed* 
combines with the earthy matter, which it renders fo fufi- 
ble as to become liquid upon the fulphur of the melted 
lead, and defends it from the future a£lion of the oxygen. 
At this llage of the proceis the fire is railed to feparate as 
quickly as poffible the melted lead from the liquid fcoria. 
The latter is now let off at the upper tap hole, leaving a 
fmall portion dill upon the lead to preferve it from the air. 
The fire at this period is lowered, and a quantity of coal* 
flack thrown in upon the melted mafs. This ferves as well 
to facilitate the cooling, and to caufe the reduction of fome 
oxyd of leaii, which alfo tends to lliffcn the mel‘cd fcoria. 
This lall cffc'*l, however, is not produced fufKcicntly, till 
a quantity of powdered lime is thrown into the furnace. 

By this treatment the remaining fcoria becomes concrete* 
and is tlicn broken to pieces and piiflied to the oppofitc 
fide by means of a rake, and taken out ot the furnace at the 
different opt^wingji on the fame fide. The liquid lead is now 
let out, at its proper aperture, into a large iron pan, or 
ciUern, from whence it is laded into moulds to call into 
pigs. 'I'he furnace is now ready to be charged again. 
Wiicii the oic abouiKls with much impurity , the oxyd of 
lead is not fiifiicient to give the proper degire of liquidity 
to the fcoria. In this calc a ccriai.i quatulty of iluat of 
lime is added, which has the prtjperty td foiuiing a very 
fufiblc compound with fulphat of barytes, an ingredient 
very common in the ore. 

This fliUK has been ufed from time immemorial for the 
fame purpol’e, and has no doubt derived its name from its 
properties as a flux. See Fluat of Lime. 

The concrete fcoria, vhich is taken out of the furnace* 
is found to contain fome lead, independent of that in the 
Hate of oxyd, and chemically combined. This is generally 
lodged in Uie cavities of the fpongy maf*-. Thele maffes 
are taken to a kind of blali furnace, called a flag-hearth* 
By this fccond fulion of the fcoria, the lead drops through 
the liquid mafs into the lower part of the hearth, where it 
is not added upon by the blall, and from thence is let off 
and call into pigs. This lead is faid to be of an inferior qua- 
lity. Some ores of lead contain filver. The great affinity 
of lead for that metal is fach, that the whole ot it is found 
in the lead (fee Silvku), from whence it is afterwards 
feparated. 

Phyfcal and chemical Properties of ~I-cnd is of a 

bluilir-viljite colour, when nuidc as bright as poll.ble. This 
is bi ll eficdled by feraping and burnifliing. Tiiis pobfh it 
foon lofcs by expofure to air. 

Its fofinefs is fuch, that a cylinder of one inch in dia- 
meter and twelve inches Jong, may be eafily bent by a perfon 
of ordinary llrcnglh : indeed, it is, the moil foft and flexible 
of the metals. Its fpecific gravity, according to Briflbn, 
is 11.3525, and fo far from being incrcafed by the hammer* 
agreeably to that change in other metals by the fame 
efl'edt, Mufchcnbrocck iili'erts that it is diminiflied. It 
may be here proper to obferve, that thole metals which are 
fufceptible of the moll perfedt cryllallization, will undergo 
the greatell condenfation by the hammer, provided the 
metal be fulficiently malleable. Hence we find this property 
the moil confpicuous 1:1 brais, and in bhflered Heel. See 
Metal. 

Lead, in common with its foftnefs, ix the Icaft claftic of 
the metals; 10 which alfo may be ai’nbuted its little tena- 
city. Its harduefs is inercalcd by hammering, and its tena- 
city in a propoj lionatc degree. 

Lead is exceedingly malleable, which conncdlcd wdth its 
cxcellive fofinefs, ad^nits of its being rolled into thin 
flieets with little power. Its tenacity* according to Dr. 
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Thomfon, is fuch, thtt a wire of of an inch wil! fup 

1 2.6 ^ 

port only 18.4 pounds. Lead fufes at about 600^ of 
Fahrenheit, and if raifed to a much higher temperature, 
will be found to diminiili by evaporation* If lead be 
melted and poured into an iron mould, it will be found to 
concrete on the Tides next the mould, while the middle part 
will be liquid for a ihort time. If this liquid part be 
poured off, or let out at a plug-hole at the bottom, the 
inierior furfacc of the folid part will exhibit a cryftalline 
form. The crvffali will be larger and more diftindl as the 
cooling is flower. 

Lead is much employed in the arts, particularly for 
buildings and tillerns. For the former of thefe purpofes 
it has many advantages. It is eafily worked into any (hape 
on account of irs great foftnefs, and is fufficiently malleable 
to fold tw() edge/i over each other, fo as make it water- 
tight without loldcring. This is a very great advantage, 
fince, when the pieces are foldered together, the expanlion 
and contraction, by a change of temperature, foon breaks 
it to pieces. 

Although it is at prefent in general ufe for water-cif- 
terns, pumps, and pipes for conv^ing water, ferious ob- 
jedtions have been made to it by different philofophers, par- 
ticularly Dr. Lambc, fo far as regards its effeds on the hu- 
man economy, 

A very ingenious paper was fome time ago publifhed by 
Morveau, in which he fhews that the water expofed to the 
leaden veffels would frequently be pernicious, if fome ful- 
phuric acid were not prefent, which never fails to precipi- 
tate lead from any of its folutions. Thus we fee that lead 
is the lead objedionable for mineral waters containing the ful- 
phuric acid, which is very general in almoff all fprings. 

Great mifehief has been produced by the ufe of lead in 
dairies ; although we lament to fay that this pradice is 
ftill followed up to a certain extent. If the milk runs into 
the (lighted acidity, we mud exped fome lead to be dif- 
folved, and its probable confequences if taken into the 
ftomach. 

The difeafe called the Devonfhire colic, was proved by 
fir George Baker, in feveral excellent papers written by him, 
and pubhflied in the Philofopliical Tranfadions of that time, 
to be occalioned by lead diffolved in the cyder, and which 
bad been furniihed from the cyder preffes, which were lined 
with that metal ; but was in confequence of this valuable 
difeovery laid afide. 

We have heard of a fimilar difeafe in the Wed Indies, 
acquired by drinking new rum. The rum was found to 
contain lead, which had been taken from the leaden worm 
iifed for the condenfation of the fpirituous vapour. What, 
however, is very iingular, the rum lod its deleterious pro- 
perty by keeping about twelve months. This fad was not 
explained at the time, but it has lately been cleared up by a 
icries of experiments made by the writer of this article. 
The new rum is g;'ncrally put into oak cafles, from whence 
the liqour extradis a quantity of tan and gallic acid. Thefe 
fub dances combine with the lead in folution, forming a per- 
fedly iiifoluble fubiUnce, which falls to the bottom of the 
cafk. Thefe fads fhew that lead fliould not be ufed in any 
lituation where fermented liquors are prefent, fince in every 
Aage of their exillcnce, they contain more or lefs^acetic acid. 
And it mud not be forgotten, that all didilled fpirits will 
contain the fame acid, from the circumftance of its being 
Yolatile and coming over with tlie fpirit. 

We have, however, abundant fatisfadion in knowing that 
the exideoce of lead and gallic acid in fpirits, wines, or 
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otlier fermented liquors, are incompatible : and that all 
liquors which have been kept in oak cafks for a certainAime 
mud be freed from lead, if we find the prefence of gallic 
acid by a folution of iron, we may pronounce fuch liquid 
free from lead. 

Thefe obfervations, which may appear out of place, are 
given with a view to guide thofe who may be making or 
ufing veffel.9 of lead, which, under fome circumdances, are 
attended with deplorable confequences. 

Alloys of Lead formed with other Metals.— Out part of tin 
and two of lead form an alloy, fufible at abbut 3 jo ’ of Fah- 
renheit, and ufed by tinmen and others under the name of 
foft folder. See Solder. 

Lead forms an imperfedl alloy with copper. The metal 
ufed for common brafs-cocks is an alloy or thefe two metals 
The lead is fo imperfetlly combined with the copper, that 
when a piece of the metal is expofed to a certain heat, the 
lead feparates from the copper in bright globules of the 
former. 

The alloy of antimony with lead is not uncommon. Six- 
tet'i) of lead and one of antimony form the printers* type 
metal. 

Lead eafily combines with mercury, forming an amalgam. 
This is effedted either by putting mercury into melted lead, 
or by putting lead, in fmall particles, to the mercury. Sec 
Amalgam. 

An alloy of diver and lead is eafily formed. Indeed lead 
is frequently ufed to take diver from plated iron, which is 
afterwards got from the lead by cupellation. 

We are indebted to Mr. Hatchett for fome valuable fails 
relative to the alloys of lead and gold. One part of lead 
to eleven of gold forms a very brittle alloy, having a frac- 
ture of a pale brown colour, deftitute of metallic luftre. 

The alloys in any proportion have the dngular property 
of being of lefs fpecidc gravity than the mean, the very con- 
trary of which is obferved in mod other compounds of me- 
tals. The following is a table given by Mr. Hatchett exhi- 
biting thefe fadfs. 
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When lead is eapofed to the air for a little time* it foon 
Mpears of different colours, not unlike the prifmatic colours. 
By a longer expofure, affifted with moiilure, it becomes 
covered with a white powder. This is the oxyd of lead 
combined with carbonic acid. This change is facilitated by 
heat, and Hill more by the fumes of acetic acid or vinegar. 
It is by this means that the white lead of commerce k made, 
of which we (hJl treat hereafter. 

If melted lead be expafed to the oxygen of the atmofphere, 
a greyifh-yellow powder begins to form upon the furface. 
By keeping it expofed for lome time, the powder becomes 
more yellow. In this ftate it is called majicoi^ or yellow oxyd 
of lead. It contains about 6.88 of oxygen. 

This oxyd is made, in the large way, in a furnace not un- 
like a baker’s oven. The middle of the hearth contains a 
recefs for expofing the melted lead. On each fide, and a 
little below the level of the hearth, is a fire, the dame of 
which paffes flowly'bver the hearth, giving fufficient heat to 
keep the lead melted, and paflea up a chimney near the 
mouth of the furnace, h s loon as the lead is melted, a 
perfon is conftantly employed to agitate it, in order to ex- 
pofe greater furface to the air. This manual operation is 
performed by a rake fufpendtd from a chain, fo that the per- 
pendicular part of the rake daihes through a portion of the 
melted lead, by merely moving it backwards and forwards. 
By the fame motion, the oxyd which is formed is pufhed 
away from the f rface of the lead, leaving it free to the 
aftion of frefh oxygen. This procefs being kept up, the 
lead is at length converted into a greenifh-yellow powder, 
mixed with lumps of metallic lead. This powder is ground 
in a mill and then wafhed, by which means the metallic lead 
is feparated, and the powder becomes of a more bright yel- 
low. The green colour was therefore owing to a mixture 
of the blue particles of lead, mixed with the yellow oxyd. 
The yellow oxyd here produced is called majftcot ; wmeh 
fee. 

This oxyd appears capable of combining with more oxy- 
gen by a fecond expolure. For this purpofe the yellow 
powder, after being wafhed and dried, is returned into the 
furnace above-mentioned, or one of fimilar conilrudtion, kept 
for this fecond procefs only. The heat is kept uniform but 
not great, and the oxyd raked about to expofe as much fur- 
face as poflible. It gradually changes colour, and ultimate- 
ly affumes a fplendid red. In this Hate it is called miamm ; 
which fee. Although during this procefs the oxyd i^pears 
gradually to pafs through m the Aiadcs of orange colour 
from yellow to red, the two latter can only be coniidcred as 
diilindl oxyds, the intermediate tints being mixtures of the 
two. 

If we coniidcr the yellow as the lirft or protoxyd, the 
red will be the fecond, and the brown, yet to be treated of, the 
third and the peroxyd. Prouft, however, has given feme 
reafon to believe that the yellow is not the firft. The oxyd 
which is fcipitated from the nitric acid when heated to 
rednefs, to drive off the water and carbonic acid, is found 
to be the yellow oxyd in a very perfect Hate. The author 
above-mentioned inmrms us, that if cry Hals of the common 
nitrat of lead be h. ‘led with fome pieces of metallic lead, 
fcaly yellow cry Hals are formed. This fait, decompofed by 
potafh, affords an oxyd which ProuH luppofes to contain 
tefs oxygen than the yellow. Dr. Thornion repeated his 
experiment ; he found the oxyd not to differ in appearance 
from the yellow, and makes it to confiH of lead, pi *5 1 ®*^* 
and 8 5 oxygen. This appears to be rather lels oxvgen 
than, according to his own analyfis, is contained in the yellow. 
But there is reafon to believe, that in Dr. Thomfon's analv- 
fis of the yellow oxyd, the oxygen is rated too high. The 
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fame oxyd, according to Bucholz, is compofed of i oo lead 
and eignt of oxygen, equal to •j.±perc^» This analyfis 
appears to have been ma^ under fuch circumftanccs as to 
entitle it to much credit. From the average of three ana* 
lyfes of the yellow oxyd, obtained from acetat of lead, the 
writer of this article made the oxygen 7.4 fer ce$it» Hence we 
have abundant reafon to doubt the exiftence of an oxyd be- 
low the yellow oxyd, fince it appears, from Dr. Thomfon^s 
own account, that the oxyd, laid to confift of lefs oxygen 
than the yellow, contains B § fer cent. 9 being i.i more than 
Bucholz makes the yellow oxyd. 

If nitric acid in fufficient quantity be added to the red oxyd 
of lead, nearly the whole will be diffolved ; th of the oxyd 
will remain at the bottom of the veffel, which, when colleded 
and dried, is of a dark brown colour, and is called the brown 
oxyd of lead. The following procefs is given by Vauque- 
lin : Mix a quantity of the red oxyd of lead with w’aier in 
a WoulfF’s apparatus, and let the oxymuriatic acid gas pafs 
through the mixture. The oxyd gradually becomes of a 
deeper colour, and is at lall diffolved. From this folution 
the brown oxyd is precipitated by potafh. From every 100 
parts of the red oxyd 68 of the brown may be obtained. 

This oxyd is of a flea-brown colour, having no fmell or 
taHc. It is infoluble in any of the acids. It converts the 
muriatic into oxymuriatic acid, by giving up a portion of 
its oxygen. When rubbed brifldy in a mortar with pow- 
dered ftlphur, the fulphur inflames, producing a Hrong 
fmell of fulphurous acid. According to the analyfis of 
ProuH, this oxyd is compofed of 79 lead and 21 oxygen. 
Dr. Thomfon makes it 81.6 lead and 18.4 oxygen. 

It appears highly probable that we have only three oxyds 
of lead, namely, the yellow, the red, and the brown. The 
firft, according to Prouft, contains 9 fer cent* ; Thomfon, 
10.3; Bucholz, 7.4; the writer of this article, 7.4; tfie 
average of all thefc being 8.5. The red oxyd, by Dr. 
Thomfon's analyfis, contains 1 2 fer cent, : the brown, ac- 
cording to Prouft, contains in the 100, 21 oxygen; Dr. 
Thomfon makes 18.4: the mean of thefe is 19.7. 

Agreeable to the average rcfults of thefe different analyfes, 
we cannot help being forcibly Hruck with the beauty of 
Mr. Dalton’s hypothefis relative to the limited proportions 
with which bodies combine. He makes the atom of lead to 
weigh 95, or to be 95 times heavier than an atom of hydro- 
gen ; tne atom of oxygen being 7 times heavier. In re- 
lerring to the doftrine advanced by this ingenious chemift, 
it ^ill be feen that he holds the neceflity of bodies com- 
bining atom to atom, or in fome multiple of the fame ; as, 

2 to I, 3 to I, &c. The firft oxyd of lead, agreeably to 
the above data, muft be 1 to i, or 9 J to 7; the fecond 
oxyd, 95 to 14; and the third, 9^ to 21. Hence thefe 

proportions reduced to 100, will ftand as follows : 


6.86 


or 6.86 in the 100, for the firft oxyd. Then, 


for the fecond, or 12.84 in the 100. 

14 12.84 

oc 4“ 21 100 

Laftly, for the third or peroxyd, — = 18^* 

1 8. 1 in the 100. The proportions by analyfis give, for the 
firft, 8.5; fecond, 12; and the third, 19.7: by theory, 
6.86, 12.84, and 18.1. 

The fecond and third oxyds of lead'j^ve out oxygen, by 
expofure to heat io a crucible, and are reduced to tne ftate 
of the firfi oxyd. If the heat be raifed a little above red- 
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nefsi the yellow oxyd fufes into a glafs, in which ftate it b 
called the vitreous oxyd of lead. It becomes fo exceedingly 
fluids as to run through tlie common crucibles. In this ftate 
it has the power of oxydating, and combining with the 
oxyds of all the metals which are oxydatic, by expofure to 
air with heat : and hence is employed to great advantage in 
the cupellation of the nobler metals. See Silver. 

When lead is oxydated at a high temperature, fuch as 
that employed in the reparation of filver from lead, the yel- 
low oxyd fufes as it is formed, and b blown from the furtace 
of the lead by bellows. In this ftate it is called litharge; 
which fee. It confifts of the yellow oxyd, united to a por- 
tion of carbonic acid. For this part we are indebted to Dr. 
Thomfon. 

Lead combines with fulphur and phofphorus. 

Sulphuret of lead may be formed by proje£ling fulphur 
into melted lead, or by ftratifying thin plates of the metal 
with the fulphur. The compound is very brittle, of a dark 
grey colour. It may be cryftallized by flow cooling ; under 
which form it exhibits a brilliant fra£lure, refembling the 
native fulphuret, or galena* This fiilphuret, according to 
Dr. Thomfon, confifts of 86 lead and 14 fulphur. Ac- 
cording to Dalton's hypothefis, it confifts of one atom of 
lead to one of fulphur : the former atom being 95, and the 

latter 13, will give ^ = — , or 12 to 100; which 

agrees with fcveral other analyfes very nearly. 

Lead appears capable of combining with a fecond dofe of 
fulphur, conftituting a compound, which is more brilliant, 
and of a lighter colour. It may be eafily diftinguiftied 
from the common kind, by its burning in the flame of a 
candle. 

It is called the fuperfulphuret of lead^ and, according to 
Dalton’s hypothefis, mull confiil of one atom of lead and 


two at«m8 of fulphur, which would give 


95 4- a X 13 _ 
26 


inftantly turn wine muddy and black, which contains lead* 
If a folution of iron be dropped into wine, and it turns blaokf 
the prefence of gpdlic is indicated : and from what we before 
obferved, the exiftence of lead and that acid are incom* 
patible in the fame liquid. 

Sulphat of Lead* — Lead is fcarcely a^ed upon by the ful- 
phuric acid, in the cold. If the acid be boiled with the 
lead, fumes of fulphurous acid will be jg^iven out, and a 
portion of the lead oxydated, which combines with the acid, 
forming a whitifh pafty compound. If the acid be in ex- 
cels, and the mafs wafhed in water, the fubftance becomes 
divided into two portions, namelv, the fulphat of lead, 
which is infoluble, and the fiiperfulphat, which is (lightly 
foluble, and will be depofited in cryilals. 

It is from the circumftance of the infolubility of the ful- 
phat of lead, that the metal can be ufed with fuch advan- 
tage for the lead houfes, ufed in making fulphuric acid, and 
for making vefTels which have to hold this acid. The ful. 
phat which firft forms upon the furface defends the lead not 
only from the a6lion of this acid, but from any other folvcnt 
of this pernicious metal. Sulphat of lead may be heft 
formed by adding fulphat of foda to the acetat of nitrat of 
lead. A denfe white precipitate is formed, which is fulphat 
of lead. This fait is produced in great abundance by the 
calico-printers, in making acetat alumine, with alum and 
acetat of lead. It forms an excellent paint with oil, for 
ftandiiig the a6lion of acids. 

Kirwan gives the proportion of this fait at 23.37 acid, 
7^ acid yellow oxyd, 1.63 water in the 100; Bucholz, 
24.72 acid, 7c. 28 oxyd; and Klaproth, 26.5 acid, and 
73.5 oxyd: the mean of thefe is 24.86 acid, and 75- 14 
bafe. Calculated by Dalton's theory, the atom ot ful- 
phuric acid weighs 34 : therefore, • 

^ ^ 34 25 

or, the acid is 25 in the 100: then, 100 — 25 = 75 the 
bafe. 


^ , or 21.5 per cent* Dr. Thomfon makes it 25 per cent* 
21 

It is to this chemift we are indebted for our knowledge of 
this fubftance. 

Phofphuret of lead may be formed by mixing together equal 
parts of filings of lead and phofphoric glafs ; the mixture 
being fufed in a crucible. It is of a filvery blueifli-whitc 
colour. It pofleftes flight malleability, and may be cut 
with a knife. It is compofed of 88 lead and 12 of phof- 
phorus. Dalton makes the atom of phofphorus to weigh 9 : 

hence this compound of i to 1 will give 

9 o.O 

Salts ^ Lead — Moft of the acids combine with the yellow 
oxyd of lead, forming peculiar compounds. By far the 
greateft proportion of thefe compounds is infoluble in 
water. All thofe which are foluble have a fweetifli tafte, 
attended with a roughnefs which it leaves on the tongue, 
iimilar to that of red port, and fome other wines. This 
property has caufed it to be ufed for the villainous purpofe 
of mixing with four wine, which does not only take up the 
acid, but adds a roughnefs and fweet vinous flavour, ex- 
ce^ing impofing upon the palate. Some have fufpended 
bags of (hot in the cafles of wine ; others have added com- 
mon white lead. 

Mankind are now fo well acquainted with the different 
lefts for lead, that it is very feldom found in thofe liquors. 
Water impregnated with lulphuretted hydrogen gas will 


Sulphite of Lead, — ^The fulphurous acid has no adion upon 
lead; but it combines with the yellow oxyd, forming an 
infoluble compound, having no remarkable properties. 
When expo fed to a red heat, the acid is difengaged, in the 
form of gas. 

When the fulphurous acid is added to the red oxyd of 
lead, the acid takes oxygen from the oxyd, reducing it to 
the ftate of yellow oxyd. The acid is converted into the 
fulphuric, and combines with the oxyd, forming the ful- 
phat of lead. 

Dr. Thomfon gives the proportions at 

74.5 oxyd, 

25.5 acid. 

100 

Nitrat of When the nitric acid is a little diluted, 

it afls witn confiderable rapidity upon lead. If it be a little 
aflifted by heat, the whole will become fpeedily diffolved, 
forming nitrat of lead: This confiil s of the yellow oxyd 
of the metsd united to a portion of the acid. If the folution 
be evaporated, it affords cryilals of sin, in fix-fided pyramids 
of a filvery white colour. This (alt diffolves in 7^ of 
boiling water. When the cryftals are heated, they undergo 
a flight detonation : the fsfoe takes place when they are 
rubbed with fulphur in a hot mortar. 
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According to cxpenmenti oF Dr# Thomfon, tbit fait 
«onfi(tf off 

66 oxyd, 

34 acid. 


When tlie cryftaU of the laft fait are boiled with me- 
tallic lead, yellow fcaly cryllals are formed, coullitutiug, 
according to Dr. Thomfon, a fubnitrat, conllfting of 

51. 5 oxyd, 

18.5 acid, 


100 


By Dalton** theory the weight of an atom of nitric acid 
is 19 ; in moft of the nitrats he fuppofes one atom of the 
i>afe to unite with two atoms of acid. The nitrat of lead, 
already deferibed, Hiould, according to the above analyfts, 
confid of at leall two atoms of acid to one of bafe, for 


loa + 2 X 19 _ 100 

38 “ 47.14 


27.14 of acid, and 71.86 of 


bafe. 

The acid here falls confiderably (hort of that in the ana- 
lyCs of Dr. Thomfon. The latter fait, which we have 
called the fubnitrat, (hould have one atom lefs of acid. 


JJence which gives 15.7 acid, and 
«43 of oxyd = 100. 

Murtat of Lead , — Muriatic acid has a very feeble adtion 
on lead, but it readily diffolves the yellow oxyd, forming 
the muriat of lead. This fait may be alfo formed by add- 
ing muriat of foda to nitrat of lead. The precipitate 
wmch is formed is the fait in quellion. It diffolves in 22 
parts of cold water. This is the fad only when no excefs 
of this acid, or when no other acid is prefvnt ; fince the 
fait is foliibie in mod acids to a greater extent than in wa- 
ter. When this fait is mixed with the fulphat of lend, it 
may be feparated from it by its folubility in the acetic acid. 
Muriat of lead is much more foluble in hot than in cold 
water. Hence, when a fatu rated hot folution is. fuffered 
to cool, the fait is dcpofited in cryftals of a filvcry-white 
colour. When heated they readily melt, and on cooling 
alTume a flight tranfparency, from which it has been called 
Plumbum corntum. 

On the application of greater heat fome of the fait eva- 
porates in a white fmoke, leaving behind a fubflancci which 
as faid to be a fubmuriat of lead. 

The compofition of muriat of lead is, according to Klap- 

JOth, 

Acid 13.5 
Oxyd 86.5 


10 


By Kirwan*a account. 

Acid 17 
Oxyd 83 

100 

The weight of atom of muriatic acid being 32, we 
lhall have by Dalton’s theory == 


which we have 17.74 82.26 of oxyd, which comes 

very near to Kirwan. When the muriatic acid is poured on 
the red oxyd of lead, the lead gives up a j)art of its 
oxygen to the muriatic acid, conilituting the oxymiiriatic 
acid. The muriatic acid then unites with the yellow oxyd 
thus formed, while the oxygen is returned to the remaining 
red oxyd, forming the brown oxyd. 

The fubftance above-mentioned, faid to be a fubmuriat, 
appears rather ambiguous, and may, perhaps, be a mere 
mixture of the common muriat with the yellow oxyd of 
lead. There ia, however, one^argument in favour of its 
being a proper compound. It is faid not to be foluble in 
water, or that the cxcefs of oxyd is attached to^ the muriat, 
fo as to prevent its being feparated by the alEnity of the 
water for the fait. 

The common way of forming this fubflance is by adding 
to the muriat of foda a much larger quantity of litharge 
than would be necelTary to faturare the acid of the fait. 
Wc are indebted to Vauquelin for the bell account of the 
nature of this anomalous decompofition. At the fame time 
the muriat of lead is decompoled by foda. We have the 
fact before our eyes, that an oxyd of lead will completely 
decompofe the muriat of foda. If we ftate the experiment 
of Vauquelin we (hall be better able to give an opinion. 
To one part of muriat of foda he added feven of litharge 
in fine powder, with as much water as made the mixture of 
the conlifiency of thin foup. This was frequently ilirred 
for feveral hours. The litharge gradually loll its colour, 
and ultimately became white. It increafcd in bulk, and fo 
much water was abforbed as to make it neceflary to add 
more. At the end of four days the chemical a^ion had 
entirely fubfided, when the refult .was examined. The li- 
quid part, when feparated by the filtre, had a (Irong tafte 
of foda, with a tafte of muriat of lead, but no muriat of 
foda was prefent. The liquid afforded cryftals of carbonat 
of foda by evaporation. The fubftance from which tho 
liquor had been feparated, when walhed and dried, was of a 
dirty white colour, and was found to have increafcd in 
weight ith of the whole oxyd employed. When this fub- 
ftance was heated to a certain degree it aflumed a fine yel« 
low colour, by which it loft of its weight. This was, 
perhaps, carbonic acid and water. 

Some cauftic foda was added to a part of this fubftance, 
which changed its colour to that of a dirty yellow, and the 
refiduum was found to be a mafs of cryftals of muriat of 
lead. By the teft of an alkaline hydro-fulphuret, the foda 
appeared to hold a great quantity of the oxyd of lead so 
folution. • 

The one part of muriat of foda, ufed in this experiment, 
confifted of .44 of acid, and .56 of foda. Tht .44 acid 
would combine with 2.4 of the yellow oxyd to form 3.84 
of muriat of lead, leaving 7 — 2.4 = 4.6 of oxyd of leadl 
This is fuppofing the true muriat to be formed ; but if a 
fubmuriat were formed, *it muft confift of more than one 
atom of lead united to one of acid. Suppofe it one of 
acid to two of oxyd, then *44+2 x 2.4 = .44 + 4.8 = 
5.2 of fubmuriat, ftill there would be free oxyd left. But 
the author tells us that the yellow fubftance was infoluble in 
water, or that the water would not take the muriat finom 
the excefs of oxyd, although the nitric acid, as well as the 
foda, was capable of that e&A. If there were no free oxyd 
when two atoms of lead were to one of acid, let us fuppm 
them three to one, we (hall then have .44 4- 3 x 2*4 as 
.44 X 7 a = 7.64 of a fecond fubmuriat. If, therefore, 
we are to rely upon the fad, that the muriat of lead couU 
not be diflotvedi leaving the excefs of oxyd, we moft regard 
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tilid yellow fubdance as a legitimate compound. If the 
contrary be the cafe, we muft regard it as a mixture of the 
true muriat mixed with the yellow oxyd of lead. This 
fubftance has been manufadlured under a patent by Mr. 
Turner, of Newcadle-upon-Tyne, and is deemed a valuable 
pigment for paitJting. 

Pho/phat of Zw/Z.—The phofphoric acid does not a& 
upon lead in the cold, and but very feebly by heat. The 
refiilt of this adion is the formation of an infoluble com- 
poiind. which is the phofphat of dead. 

This fait may be more eafily formed by adding toge- 
ther the folutions of phofphat of foda and the nitrat, or 
acetat of lead. A denfe white powder fubfides, which is 
the fait in qudlion. This fait is infoluble in water, but it 
diffolvcs readily in nitric, and alfo, when afTifted by heat, in 
the muriatic acid. On the latter folution cooling, cryftals 
of muriat of lead are depofited ; a proof that a partial de- 
compofition takes place. It is alfo decompofed by the ful- 
phunc acid, by the aflillance of heat. 

When this fa't heated it melts, and on cooling aflTumet i 
cry allinc* appearance. 

It is from iliis fait that phofphorus is generally obtained ; 
f.>r \Ahcti It is expofed to a great heat, in an earthen retort, 
with charcv^dl, both the lead and the phofphorus lofe their 
oxyiieii, the latter being dillilled over, 

Mr. Dalton makes the atom of phofphoric acid to weigh 

2^, then ~ ; fo that this fait, from 

^ 23 10.4 

ihcfe data, conftfts of 18.4 of acid, and 88.6 of oxyd, 
which is very near the proportions of the native fait . 

Carhonai of Lead . — Carbonic acid does not aft upon lead# 
but it combines with the yellow oxyd of lead, forming an 
infoluble white pnwder, which is manufaftured under the 
name of white had* 

This fait may be formed by adding a carbonat of potafh 
to the acetat or nitrat of lead. The piecipitate, being 
wafhed and dried, is fnowy -white powder, appearing to the 
eye we‘l calculated to make a much finer white paint than 
that made in the common way. Although the carbonat 
formed by precipitation is, no doubt, chemically the fame 
with ike maim fjCtu red, their diffeivnco, in point of deuiity, 
is very remarkable, 'i'he proportions of the conftituents of 
this fail are, accordinj; to Bergman, J 6 acul, 84 oxyd ; to 
Cheuevix, ly acid, 85 oxyd; Brouft, ih.15 acid, 83.85 
oxyd; and Klaproth, 16.33 ® 3*^7 in the 100. 

The manufacture of wbre lead has been known long be- 
fore any idea was entertained of its compofition, or the 
theory of the procefs ; and it is rather fmgular that no 
more improvemci t has been made in the common procefs, 
which has long appeared to chemifts as clumfy and uneco- 
iiomical. 

The procefs confifls in expofing thin ihcets of lead to the 
fumes of vinegar au a certain temperature. The lead is 
caft into flieets about two feet long, five or fix inches 
broad, and about ^th of an inch thick. Thefe are coiled 
up, rather fpirally, into a cylindrical fliapc, about five or 
fix inches diameter. The vinegar is placed in the bottom of 
earthen pots, which arc different in fize at difTerent raanu- 
faftures ; fome holding three pints and others five or fix. 
There is a ledge round the pot, in the iufide, abr ut an inch 
deep, for the purpofe of fupporting the cylindne coil of 
lead, which Hands upon it like a chimney. The pots thus 
fitted, with the lead and vinegar, are arranged in rows, upon 
a ftratum of horfc-litter, or, what is now ufed as being 

cheaper, the. refufe bark of taiuiers. The eiids of all Uic 
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cylinders of lead are covered with a plate of the lame metalt 
to confine the whole as much as poffible to the a 6 Uon of the 
vapour. I'he pots thus placed are covered over with litter 
or bark, and a new ftratum of pots arranged in a fimilar 
way over them. Several tons of lead are fometimea expofed 
in this manner at one time^ The heat arifing from the 
fermentation of tlie vegetable or animal matter keeps up 
a certain temperature, by which the vinegar is (lowly eva- 
porated. The vapour oxydates the lead, and the oxyd 
combines with carbonic acid. This latter fubftance was 
formerly thought to be furnifhed by the fermenting fub- 
ftance in which the pots weie imbedded ; it is now, however, 
known, that the vinegar is decompofed, and fumifties the 
carbonic acid. White-lead works are at prefent carried on, 
both on the continent and in this country, in which the 
heat is furniihed by artificial means only ; and of courle the 
carbonic acid can come from no other fource than that of 
the vinegar. 

After the lead has been expofed to the vapour of the 
vinegar for about fix weeks or two months, the pots are 
withdrawn, and the coils of lead are found corroded to a 
confiderable thicknefs. The white carbonat thus formed is 
very brittle and very hard. The dieets are now paffed 
through rollers for the purpofe of breaking the white lead 
from the uncorroded metallic lead. The powder is now 
taken to a pair of ftones, and ground in a manner fimilar to 
corn. After this it is levigated to get it of the greateft pof- 
fible finenefs, and it is then gradually dried in ftoves for the 
purpofe. 

Denlity and whitenefs are the moft valuable properties of 
white lead. Thefe properties do not depend upon the pro- 
portions of its elements, but upon the mechanical treatment. 
The denfity in all probability will be greater, as it has been 
longer forming, by the aftion of the vinegar jcing flower. 
Some of the pieces of white lead, as they are feparated 
from the fhcet, are much harder than others, even in the 
fame bed. This hardnefs and denfity are fometimes fo great 
as to render the pieces fonorous. In this Hate it is the moft 
valuable. Hence the whiteft and denfeft pieces are fclefted 
for making the beautiful fubftance called fate white. 

The value of white lead is eafily afeertained by the 
painters, from the quantity of oil required to give it proper 
confiftency. The greater the proportion of lead to the oil, 
the greater is faid to be the body of the paint, and the greater 
wi i be its whitenefs. The carbonat of lead made by preci- 
pitation, when in a dry Hate, is much w'hiter than the beft 
white lead, made in the common way. If, however, equal 
w^eights of the two be mixed w'ith oil to make them fit for 
painting, the precipitated fpecimen will be found to take 
a much greater quantity of oil than the other, and its white- 
iiefs much dimiiufhed. The common white lead will have 
loft fo little of vs whitenefs, that the contrail will be very 
ftrikingly in favour of the latter. This faft is exceedingly 
apparent, on mixing together tranfpareiit media of different 
denfiiies. The whitenefs of fnow depends upon the mixture 
of fmall piirticles of ice with air; for when the fame are 
mixed with water, the whitenefs difappears. All colourlefs 
tranfparent bodies become white on being reduced to pow- 
der. This 18 obferved in poutided glafs and in falls which 
lofe their water of cryftallization. Whitenefs may there- 
fore be faid to aril'efroma conhifed refraftion of light, ra- 
ther than from refleftion. Sec I..IGHT. 

Fluat of Lcad,^ Fluoric acid does not oxydate lead ; but 
it is ca^juble of combining with the yellow oxyd, forming 
tlu8 fait, which is an iulolublc compound. It may be 
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formed better by adding the float of ammonia to nitrat or 
acetat of lead» the float of lead falling down in a flate of 
powder* 

Borat of Xrn//.-*Boracic acid does not aft upon lead* 
This falt» however, may be formed by adding a folution of 
borat of foda to nitrat of lead. The borat of lead will be 
precipitated in the form of an infoluble white powder. This 
fait, from a vitreous ft ate which the acid is capable of af* 
fuming, melts into a colourlefs glafs before the blowpipe. 

Acitat of Lead * — Acetic acid has little or no aftion upon 
lead when the metal is immcrfed in it ; but the fumes of the 
acid in contaft with air is capable of oxydating lead, as we 
have (hewn in the manufafture of white lead. The oxyd 
thus formed is eafily taken up by the acetic acid, forming a 
foluble compound of a fweetim and aftringent tafte. If 
the folution be evaporated, an excels of uie acid being 
prefent, the fait is obtained in needle formed cryftals, and 
of the luilre of fatin. It diftolves in about four times its 
weight of water at 6o^. It is lingular that this fait is de- 
compofed by the carbonic acid. It is from this circumftance 
that we always End it decompofed, in fome degree, by dif- 
folvii^ it in water, which generally contains more or lefs of 
that (ubftance. This fait is ufed in medicine, uncry ftallized, 
under the name of GoularcPs extras. 

The acetat of lead is an article of extenfive manufafture 
in England, France, and Holland. 

Common diftilled vinegar is firft faturated with the yellow 
oxyd of lead, which is fometimes from the carbonat or white 
lead, and frequently from lithar^ : the latter, however, 
is the cheapeft procefs. The folution fh«)uld have a little 
excefs of acid, elfe it dues not form the real fait. By (low 
evaporation this folution cryftalhzes, in which itate it is ufed 
in abundance in the arts, particularly by the calico printers, 
for the purpofe of getting the acetat of alumine, by double 
decompofition with alum. 

The analyfis of this fait, according to Dr. Thornton, is 
26 Acid 
58 Yellow oxyd 
16 Water 

100 

From the combinations of the acetic acid, the earthtf and 
alkalies, it appears that the weight of its atom is about j6. 

We have hence — which gives 26 of acid 

and 74 of yellow oxyd loo. 

Subacetat of Lead . — When the laft fait is boiled for fome 
time with they dlow oxyd of lead, a peculiar fait is formed, 
confiding of two atoms of oxyd, and one ot icid. It is 
lefs foluble in water than the acetat. It was firll noticed by 
Thenard, to whom we are indebted for the following ana- 
Jyfis: 

17 Acid 
78 Oxyd 
4 Water. 

If it confifts of two atoms of bafe to one of acid, its antlyfls, 
according to the data in the acetat, will be 

which gives 15 acid, and 85 oxyd =. lOO. 

Oxalat of LW.— 'This fait is formed by diifolving the oxyd 
of lead in oxalic acid. In all probability there are two faits 
of this fpecies* That given by Dr. Thomfou is formed 


with the fecond oxydi and an excefs of acid, and is the fu- 
peracetat. According to Bergman’s analyfis it contains 
41.2 /icid 
5B.8 Red oxyd 


100 


The weight of the atom of oxalic acid appears to be 39, 
and an atom of the oxyd in this fait 95 lead -f 14 oxygen 

= 109, therefore fuppofing it the fuper fait 


100 



which gives 41.7 acid, and 58.3 red oxyd =: 


lOO. 

The proper oxalat of lead may, no doubt, be formed by 
an alk^inc oxalat being added^ to the nitrat of lead, the 
fait being precipitated in a ftate of infoluble powder. From 
the above data it ought to confift of 27.7 and 72.3 yellow 
oxyd. 

Tartrat of Lead . — ^The tartaric acid does not aft upon lead ; 
but this fait may be formed by adding an alkaline tartrat to 
the acetat, or nitrat of lead. The tartrat of lead falls down 
in the form of white powder. Dr. Thomfon gives the ana* 
lyfiB of this fait at 37 .44 acid, and 62.56 yellow oxyd. 

Citrat of Lead — This is an infoluble compound, formed 
by adding an alkaline citrat to a foluble fait ot lead. 

Malat of Lead . — Malic acid has no aftion on lead ; but the 
acid combines with the oxyd, forming a compound infoluble 
in water, but foluble in acetic acid. Cyder, which contains 
an abundance of malic acid, would never contain lead, but 
from the prefence of acetic acid. If acetat of lead be 
dropped into cyder, a copious precipitate falls down, but if 
free acetic acid be added, the precipitate is diffolved. 

Arfemat of Lead — The arfenic acid is capable of oxydating 
lead, and then combines with its oxyd, forming arfeniat of 
lead, which is completely an infoluble compound. It may 
alfo be formed by adding the arfeniat of potafb to a foluble 
fait of lead. From the analyfis of Chenevix it confifts of 33 
acid, 63 yellow oxyd, and 4 of water. According to The- 
nard, it is compofed of 35.7 acid, and 64.3 of oxyd. See 
the native arfeniat of lead under the mineralogical part of 
this article. 

Molyhdat of Z.fn</.—The artificial fait of this fpecies has 
been little examined. See the native fait. 

Chromat of Lead . — This fait may be formed by adding an 
alkaline chromat to a foluble fait of lead. The fait is pre- 
cipitated in the form of powder of a reddi(h-ycllow colour. 
It is foluble in potafb and foda, from which it may be preci- 
pitated without changing its properties. It is foluble in 
nitric acid, but it is ^compofed by the muriatic and ful- 
phuric acids. Sec native fait. 

The other fpecies of the faits of lead are not of import* 
ance. 

The alkalies and fome of the earths difiblve the oxyd of 
lead. 

Potafh and foda, when pure, dififolve the greateft propor- 
tion. By.expofure to the air, however, the carbonic acid 
of the Btmofphere combines with the oxyd of lead, as well 
as the potafh. The lead is pretipitatea in a ftate of car- 
bonat. 

Thefe alkaline folutions of lead have the property of 
ftaining hair, wool, and horn. The tint commences with 
a light fawn colour, and ultimately becomes of a deep and 
beautiful reddifh-brown. Thefe colours are not permanent, 
being quickly faded by expefure to the light and the air. 
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l4ime water, and probably folutiona of barytes and ftron- 
tran, diflblve the oxyd of lead, but in fmaller quantity. A 
liquid formed by boiling lime and litharge iri water, has alfo 
the property of ftaining wool, but the colour is fomewhat 
different to that given by the alkaline folution. The brown 
colour has lefs of the red and more of the yellow tint. A 
•Compofition of common pearhafh, red lead, and quicklime, is 
ufed to give horn the appearance of tortoife (hell. In effe^, 
this compofition is a folution of the oxyd of lead in potafh. 

Lead, as we have already fecn in the precedincr part of 
this article, is much ufed in building, particularly tor cover- 
ing,- '^utters, pipes, and in glafs windows. For which ufes, 
it IS either call into (heets in a mould, or milled ; which lad, 
fome have pretended, is the lealt ferviceable, not only on ac- 
count of its thinnefs, but alfo becaufe it is fo exceedingly 
llretched in milling, and rendered fo porous and fpongy, that 
when it comes to lie in the liot f.:n, it is apt to (brink and 
crack, and confcquentlv will not keep out the water. Others 
have preferred the milled lead, or flatted metal, to the caft, 
becaufe it is more equal, fmooth, and folid. 

The lead ufed by glaziers is firll call into (lender rods, 
twelve or fourteen inches long, callcti canet ; and thefe, being 
afterwards drawn through their vice, come to have a groove 
on either (ide for the panes of glafs ; and this they call turned 
lead. 

The method of paling or foldering lead for fitting on of 
imbofled figures, See. is by placing the part whereon the 
figure is to be paled horizontal, and ftrewing on it fome 
pulverized refin 5 under this they place a chafing-difh of 
coals till fuch time as the refin becomes reddifh, and rifes in 
pimples ; they apply the figure, and rub fome foft folder into 
the jointing ; when this is done, the figure will be paled on, 
and as firm as if it bad been call on. 

Lead is much ufed in varnifhes and painting with oil, 
both as a colour and as a dryer. It is alfo ufed in the pre- 
parations of enamels and of por<^elain as a flux, and makes 
the bafis of the glazing of almoll all pottery wares ; and 
by means of lead the mod perfed metals are refined and 
sulked. 

LxADi in Medielne. This metal is celebrated by fome 
chemical writers for its great medical virtues ; but after all 
it feems to be a metal which ought to be given internally 
with the greatell caution, and to be rather calculated for 
outward application. Its ore is fo poifonous, that the fleam 
arifing from the furnaces where it is worked, infers the 
grafs of all the neighbouring places, and kills the ani- 
mals which feed on it. The poifonous quality of this 
ore is fuch, that the peopk who live in the countries 
where it is dug, and near the places where it is waflied, 
can keep neither dog nor cat, nor any kind of fowl» 
but all die in a fhort time, and it has been knoWn that 
a little houfe, in which lead ore had been kept fur fome 
time, though afeerwards made very clean, and bedded 
¥nth fern, infedted calves which were put into it, fo 
that all died in a very (hort time ; and it is a too melancholy 
obiervation, that children often die ftrangely and fuddenlv 
about thefe places. Pfiilofophical ColleSions, 2. p. o. 

Its bed preparation \%faccharum faturnh or the fuper-ace- 
tate of lead ; which, though capable of doing great good in 
hemorrhages, and fome other cafes, is apt. however, to 
bring on colics of fo violent a kind, thit the remedy often 
proves worfe than the difeafe. 

Tlie internal life of lead is dangerous, on account of the 
edhes and palfies that are occalioned by it. Culinary vefTcls, 
lined with a mixture of tin and lead, which is the ufual 
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tinning, are apt to communicate to acid foods pernicious pa- 
nties, and require to be ufed with great precaution. The 
fame thing has been alfo faid of liquors kept in glazed ware, 
and of cyder made in veflels, where lead is ufed, and of 
wines adulterated with litharge, &c. See tlie article Lead, 
fupra^ and Colica Pidonum, 

M. Navier has lately difeovered that the liver of fulphur, 
and particularly liver of fulphur of Mars, is an excellent an- 
tidote againil tfie poifon of lead ; and he advifes patients la- 
bouring under its pernicious effeds to drink largely of acidu* 
lated uquors, to make afterwards the liver of fulphur the 
principal part of the cure, and to fini(h the cure with gentle 
purgatives. 

The Dutch have been charged with correcting the more 
ofFenfive expreffed oils, as that of rape feed, fo as to fubfti- 
tutc them for oil olive or oil of almonds, by impregnating 
them with lead : in order to deteCl this abufe, mix a little of 
the fufpcCled oil with a folution of orpiment made in lime- 
w'atcr : on (liaking them together, and fiiffering them to 
reft, the oil, if it has any faturnine taint, will appear of an 
orange*red colour : if pure, of a pale yellowifh. The lead 
is dikovered in wines by the fame fulphureous folution, which 
changes the colour of wines impregnated with this metal to 
a brownifli red or a blackilh hue. How'ever^ the various 
preparations of lead are applied externally with fafety and 
great benefit, on account of its fedative, drying, and repeU 
lent qualities. The vinegar and fugar of lead, and all the 
ointments and plailers which contain cerufs, minium, or li- 
tharge, eminently poiTefs thefe qualities. See the following 
articles and references. 

For the laws relating to lead, and the dealing of it, fee 
27 £d. III. (lat. 2. c. 1. 3* If. 38 £dw. III. llat. i. c« d. 

4 Geo. II. c. 32. 29 Geo. 1 1 , c. 30. See Larceny,. 

Lead, P/acL See PtUMBACo. 

Black lead in fine powder may be readily mixed with 
melted fulphur, and though the compound remains fluid 
enough to be poured into moulds, it looks nearly like the 
coar^r forts of black lead itfelf. This was • probably the 
method by which prince Rupert is faid to have made black 
lead run like a metal in a mould, fo as to ferve for black lead 
again. Birch’s Hid. Royal Soc. vol. iii. 

The German black-lead pencils, and thofe which are 
hawked about among us, are prepared in this manner ; their 
melting or fofteninj^, when held in a candle, or applied to a 
red-hot iron, and yielding a blueifh flame, with a flrong fmell 
like that of brimdone, difeovers their compofition. Pen- 
cils of this kind are hard and brittle, and cut or fcratch the 
paper or wood in dead of marking them. The true £ngli(h 
pencils are formed of black lead atone, fawed into flips^ 
which are fitted into a groove made of the foftell wood, as 
cedar, and another flip of w^ood glued over themr Thefe 
pencils, however, are of different quality, on account of dif* 
ferent forts of the mineral being fraudulently joined together 
in one pencil, the fore-part being commonly pretty good« 
and the red of an inferior kind. To avoid thefe inconve-' 
nicnces, fome take the finer pieces of black lead kfelff 
• which they faw into flips, and fix for ufe in portfCrayonf. 
Lewis’s Commerce of Arts, p. 328. 

By our laws, entering mines of black lead, with intent tf 
deal it, is made felony. See 25 Geo. II. c* lo. See 
Larceny. 

Lead, tix manufacture of ^ fee Plusibery, 

There are various preparations of lead, fervitig for Tariou# 
purpofes, fome of which are now difufed, and others, under 
one form and name, or another,* (liUcoatmueck 
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Lsa^ Baljam of^ an external medicine^ formerly fained 
for It? efieft? in old and (harp ulcers. It is made by mixing 
one ounce of fucj'ar of lead with two of oil of turpentine, 
and fetting thia mixture in a fand-heat till the fait is difiblved. 
By this means the oil acquires a red colour, and is called 
balfam of lead. 

, Lead, Burnt^plumlum nj!vm^ is a chemical preparation 
ufed in medicine, made of plates of lead, melted in a pot 
with fulphur, and reduced by fire into a brown powder. 

Lead continued in fufion and ftirred, fo that frefh furfaces 
may he expofed to tiie air, will, gradually change into a pow- 
dery dufky-coloured calx, bearing this name. 

Burnt lead is only intended for external ufe. It has the 
fame virtues aferibed to it, in ointments and plaftors, as li- 
tbrge or minium. Mixed into an unguent with lard alone, 
St makes a good ointment for the piles. 

^ Lead, Butter ofy is a kind of liquid unguent made of 
vinegar and lead, incorporated with rofiate oil, and com- 
inended for the cure of tetters. It is called butyrum /aturnl. 

Lead, Lakmdy or calx of had. See Calx, Ckuussr, 
Glass of Lnidy LrniAiuiE, Massicot, Minium, &c. and 
AVoysoj J.EAD, fupra. 

Lead, "Caflmg of. See Casting. 

Lead. Cerate of Super-acetaiet Ceratum ptumLi fuper-acetathf 
the « Uuguentum ceruflac acetate” of P. L. I787,i8pre. 
pared in the following manner: Take of fupcr-acetate of 
lead two^ drachms, wnite W'ax, two ounces, and oiive oil, 
lulf a pint. DifTolve the wax in feven fluid-ounces of oil, 
then gradually add. to it the fuper-acetate of lead, fepa- 
rately rubbed down with the remaining oil, and ftir tlie 
mixture with a wooden fiice, until the whole has united* 
Lead, Compound cerate of. Sec Cehatum lUhargyrl 
OLCetatl compofitum. 

Lead, Cohefon of See Cohesion. 

Lead Dufli^ a preparation ufed by the potters ; made by 
throwing charcoal duilinto melted lead, and flirring them a 
long time together ; to feparate the coal again, they Only 
wafh it in water, and dry it afrefh. Its ufe is, to give a var- 
nifii and g’ofs to their works. 

Lead, Extrad of or Saturuy is prepared by fimmcrlng 
together as many pounds of the litharge of gold as quarts 
of vinegar for an hour and a quarter, and often ftirring 
them ; then taking it from the fire, and as fooii as it is cool 
enough, pouring the clear liquor into Lotties to be kept for 
ufe. If this liquor be made into the common confiittnee of 
an extraft, it mu ft boil yet longer after its feparation from 
the mafs, and will acquire a reddifii colour. This is Gou- 
lard's extract (fee Lead, /w/ra), and the bafis of all his 
preparations of lead. It evidently differs in no refpeft from 
lugar of lead, and vinegar of litharge, but in the degree of 
concentration The only circnmftance in which the extra£t, 
feems to have tlie advantage of fugar of lead, appears to be 
in the greater quantity of the acetous acid contained in it, 
which proves an excellent afiirtant in many cafes, and the 
fugar of lead, when once dryilnllized, cannot be brought 
bjcll to thut ftate of folution in vinegar in which it was 
before ; yet where a large quantity of watery menftruum is 
added, as in Mr. Goulard's facumine water, it is as well to 
make a folution of fugar of lead in the water, and add the 
vinegar afterwards, as to mix them both together in the form 
of extract, Aikin's Obi. on the .external Ufe of Prepa- 
rations of Lead, S:c. p* 2^ See Visegaii of Lend, 

In the London Pliarmacopcia of 1 787, this was denomi- 
ifited Aqua lithargyri acetati and m the laft edition it 
is called Liquor plumbi acctalis,” or. {blution o£ acetate 
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of lead,’* and it is direAcd to be prepared by mixing two 
pounds four ounces of femi-vitreous oxyd of lead, uifh a. 
gallon of acetic acid, and boiling down to fix pints, con- 
ftantly ftirring j then fetting it by, that the fcculcncies may 
fublide, and ftrainuig. This is a denfe liquor, of a deep 
brown colour, and confifis of a faturalcd folution of fubaco- 
tate of lead. It was reftored in the laft PInrmacopcia, in 
confequence of the celebrity it had obtained under the name 
of “ Goulard’s Extraft.” The “Aqua lithargyri acetati 
compofita*' of P. L. 1787, called in the Lilt edition “ Li- 
quor plumbi acelatis diluti,” or “ diluted folution ©f acetate 
of lead,“ is prepared by mixing a drachm of folution of 
acetate of lead, a pint of diftilled water, and a fi i drachrn 
of weak fprrit. When this mixture is made, even with, 
dillilled water, feme precipitation takes place ; and w hen,, 
as is more common, ordinary u^ater, containing any muriates 
or fulphutes, is ufed, this is much more abundant from double 
decompofition, and gives the liquor a milky appearance 
w'hen diflufed through it. To this it owes its common 
name of white wTifli.’' 

I..KAD, G/afs of See Gla.ss of Lead, 

Lead, Maffery of is the calx of lead purified and fub- 
trlized. It is made of lead difiblved in aquafortis, pouring 
filtrated fait water into it ; whence refulis a magillcry ex- 
tremely white, which, when foftened by fcveral lotions, is 
mixed with pomatums for the face and complexion. 

Lead Aline, bee Mixing. 

Lead, Mocky a name given to a glittering fubftance found 
in Icad-mkies. See Galena inanist and Blinde. 

Lead, Native, See hvAtty fupra. 

Lead, Oinhnents of. Preparations of. Sec Unguent. 

Lead Plujler. See Emfla.stjium Commune. 

Lead Pipes ^ Alanvfailure of. The common method ufed 
for making lead pipes, conlilU in calling the lead upon a 
fmooth itcel mandril placed in a mould, alfo of metal, to 
form the outlide. Thefe pieces ;ire about i8 inches long. 
They are afterwards joined together by a procefs, called 
lining, 

A very great improvement has been made in the manu- 
facture of lead pipes, by drawing them in a manner fimilar to 
wire. The lead to form the pipe is call upon a mandril of 
the diameter of the infide the pipe, but (.f iuch a thicknefs as 
to equal the whole pipe in weight ; it is then faftened upon 
one end of a cylmdric fteel mandril, and the lead is pulled 
through different lized hcles, till the pipe is of fufficient 
length and thicknefs. Thefe pipes can be drawn to the 
length of eight or ten feet. The power required, however, 
is very great, which is one objedtion to the method. They 
arc alfo liable to flaws j for, if the calling happen to be 
imperfedt, the imperfedtion is much incrcaled and extended 
by the procefs of drawing. 

This manufadlure has been much improved by faffing the 
lead upon the mandril, through grooved rollers of di^rent 
fixes, following each other in iueceffion. The power re- 
quired is much Icfs than tlr.1i req irtd for drawing j and the 
pipes are faid to be fuperior in othe r refpedts. For a mure 
particular account of this manufacture, fee Lead Pipes. 

Lead, Redy a preparation of mineral lead calcined and 
rubified; ufed by painters, potters, and furgeous. See. 
Minium, and Oxyds of Lead. 

Lead, Sail or Su^ar of Saccharum fturnly Superacetati 
pUmbiy Juperacetate of ieady is an elfciitial fait of vir.cgar, in- 
corporated w'ith the proper fubftance of lead, or ccrufs, dif- 
folved in fpirit of vinegar. . See Saccuaeum Saturniy and 

l 47 ^^^>}fupra^, 
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LEATHER, in Commerce^ the fkins of feveral forts of 
bealU drefied and prepared for the ufe of various manu- 
fadurers, whofe biifinefs is to make them up, according to 
tlieir different employments. The butcher and others, who 
flay them off the carcafes, difpofe of them raw or faked to 
the tanner and tawer ; they to the fhamoy, morocco, and 
other kind of leather-drcffers, v ho prepare them according 
to their refpedive arts, in order to vent them among the 
curriers and leather-cutters, glovers, harnefs-makers, coach- 
makers, fadlers, breeches-makers, gilt-leather-makers, chair- 
makers, fhoe-makers, book-binders, and all in any way con- 
cemed in the article of leather. 

Leather has divers names according to the ftate wherein 
it is, and according to the different kinds of flcins of which 
it is prepared, and its peculiar qualities when fo prepared, 
f. The fkin is raw as it comes off the animal, a. Some are 
failed with fca-falt and alum, or with natron, which is a 
fpecies of falt-petre, or white falt-wort, to prevent corruption 
ill keeping, or fending to dittant tanneries during hot fea- 
fons 

Skins dried wi»h the hair on, are commonly thofe of ox^n 
and cows, or buffaloes, either tame or wild. Moft of thofe 
in France^come from foreign countries. The places which 
furniih the largcll quantity, are Peru, the ifle of St. Do- 
mingo, Barbary, Cape Verde Ifles, the river Senegal in 
Africa, Mufeovy, Ireland, the ifland of Cuba. Thofe of 
this latter place are the moll elteemed ; they are called Ha- 
vannah (kins, from the name, of the capital city of that 
ifland, whither they are carried in order to be fent to Spain, 
and from thence into other parts of Europe. After thefe 
fl<inB are llript of their hair, they are fold to the tanners. 
See CuRitYJNO, Tanning, and Skins. 


The three principal affortments of leather are tanned or 
tawed,* and oil and alum leather, all which are dreffed in 

fome yards. i- n r i • 

The art of drefling leather m oil confifts in firll loaking 
the Ikins; tlien throwing them into the lime-pit ; and when 
they are taken hence, pulling them and delivering them to 
the friezer; they arc then ttruck with the oil, and fent to 
the mill ; when they are milled fufficiently, they are thrown 
into the ditch to be feoured^ and by fome feudded, and after- 
wards hung upon the hooks to dry. When they have been 

weighed imd narked by the proper officer., in "iw Wfa 
the ezeife duty, they are fit for &le. The fort, of 
drefled in oil air thofe of deer, flieep, and hmb., and foiM 
few of goat, and the oil ufcd for tha purpofc i» Newfound- 
land, or cod’, liver oil. The alum leather-drefler. art con- 
fift. in properly foaking, liming, wringing, (an operation 
fometime. omitted,) and ftriking them in a liimor compofed 
of water, fait, and alum, and then drying them properly. 
The fort, of Ikins dreffed in alum are thofe rf (heep and 
lamb., and a large quantity of kid. Poftletb. Dift. Com. 

'"^■rhere are feveral ftatute. relating to leatlier t the ay 


Hen. VIII. c. 14. direfts "packers to be appointed foy lea- 
ther to be tranfported : but the 18 Eliz. c. 9. prohibits the 
(hipping of leather on penalty of forfeiture, &c. Though 
by 20 Car. c. 5. irantportation of leather was allowed to 
Scotland, Ireland, or any foreign countries paying a cuilom 
or duty ; which ilatutc was continued by divers fubfequent 
a£l8. 

No perfon (hall ingrofs leather to fell again, under the 
penalty of forfeiture. None but tanners are to buy any 
rougli liides of leather, or calves* (kins in the hair, on pain of 
forieiturc ; and no perfon (hall foreflall hides, under the pe- 
nalty of 6/. 8f/. a hide. Leather not fiifflciently tanned is to 
be forfeited. In London, the lord mayor and aldermen are 
to appoint and fwcar fearchers and fealers of leather out of 
the company of cordwainers, 8cc. and alfo triers of the 
fufiiciency of leather ; and the fame is to be done by mayors. 
See. in other towns and corporations ; and fearchers allowing 
infiiflicient leather, incur a forfeiture of 40X. Shoemakers 
making (hoes or boots of infufiicient leather are liable to for- 
feit for every pair 3/. 4//. and the value thereof, (i Jac. 1 . 
c. 22.) Red tanned leather is to be brought into open lea- 
ther markets, and fearched and fealed before it be expofed to 
fale, and on fale is to be regiflered, or (hall be forfeited ; and 
contrails for fale otherwife to be void. (13 & 14 Car. It. 
c. 7.) Hides of leather are adjudged the ware and manu- 
fadture of the currier, and fubjeft to fearch, dtc. All per- 
fons dealing in leather may buy tanned leather, fearched in 
open market, and any perlon may buy or fell leather, hides, 
or (Ivins, by weight, i W. & M. c. 33. 

The firft ftatute concerning leather, which it is necciTary 
for us to refer to in this article, is the i Jac. c. 22, ^vhich 
reduces all preceding adls relating to that commodity into 
one ; and therefore to this we (hall have a retrofpefl in the 
progrefs of this article ; premifing that all forfeitures by 
this a6l, not otherwife fpecially directed, (hall be divided, 
(Hie-third to the king, one-third to him that (hall fue, and 
one-third to the city, town, or lord of the liberty. By 
9 Ann, c. II. any two juilices near the place where tlie 
forfeitures are incurred, or offence committed, may hear and 
determine the fame. All forfeitures, by the ad of 13 & 
14 Car. II. c. 7, (hall be recovered in any court at Weftmin- 
fter, or in any court of record in the city. See, where the 
offence (hall be committed ; to be dtftributed half to the 
king, and half to the informer. By 39 & 40 Geo. III. 
c. 66. it is enaded that proper places and times for infpe£l- 
ing all raw hides and (kins of cattle, (heep, horfes, and 
hogs, (hall be fixed by the mayor, bailiff, or oead-officer of 
any city, town corporate, borough, or market-town, or any 
two magiftrates ading for the fame, or any two juftices ad- 
ing for the divifion within or neareft to fuch city. Sec. The 
manner of appointing infpedors is alfo preferihed by the faid 
atts. Andby the fame, butchers, Sec, who are 'cnargeable 
with wilfully or carelefsly injuring hides, fo as to make them 
lefs valuable, are liable to penalties, not exceeding jx. 
(41 Geo. 111 .) not kfs than ix. for the raw hide of every ox. 
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bull, cow, or heifer, &c. ; and no^ exceeding aj. 6J. 
(41 Geo III ) nor kfs than 6(/. for the Ikin of every calf ; 
and not exceeding is. Gd (41 Geo. III.) nor lefs than u. 
-ior the hide of every horfe, marc, or gelding ; and not ex- 
ceeding 6d, nor lefa than ^d. for the hide of every hog, pig, 
ihcep, or lamb. Infpedlors are required to take a preferibed 
oath, and arc allowed certain fees for examining and iu^edl- 
inghidefi. &c. (Scealfo 4? Geo. III. c. 106.) Thcle in- 
fpediora may impofe penalties for damaging hides, dec. ; 
which penalties (hall be recovered before a juftice, oncdialf 
of which, by 41 Geo. III. c. 53. (hall be given to tlie in- 
and the other half applied to the purpofe of better 
carrying on the objedts of thefe adls. By the above-cited 
adls, 39 6c 40 Geo III. c. 66, the infpedlors of raw 
hides (hall provide proper ftamps, and (lamp the hides, not 
damaged or otherwife ; and feize fuch hides or (kins as have 
been dama«;ed, and fell the fame, provided the penalties be 
not paid in lefs than 48 hours after fuch feizure. ButeWa 
or others neglecting to bring hides to be marked, (hall for- 
feit not exceeding 5/. nor lefs than 40/. for everj fuch hide. 
’jMie regulations of this adt (hall extend to all hides found in 
Great Britain. (41 Geo. III. c. 5:3.) All difputes flial! 
be fettled by any live impartial and refpedtable perfons con- 
cerned in the manufadture of leather, fuminoned by a ma- 
gillratc, before whom fuch difpute (hall be brought. All 
pcnallics and forfeitures (Irall be recovered before one juitice 
or inagiftrateof any city, town, or place, where the offence 
(hall be committed, upon convidion, confefTion, or the oath 
of one witnefs, and levied by diftrefs ; and for want of fufii- 
cient didrefs, the offending party fliall be committed by fuch 
juitice or magi Urate to the common gaol or houfe of correc- 
tion. for a time not exceeding one month. All penalties and 
forfeitures, not otherwife dilpofed of, (hall go, half to the 
%iformer, and half to the execution of the purpofes of the 
adt. Perfons aggrieved may appeal to tne next felGons. 
(39 & 40 Geo. III. c. 66.) By the fame and 41 Geo. III. 
c. f 3. informations for offences againft this adt for wilfully 
or carelefbly gadiing raw hides, (hall be laid within three days 
after the commillion of the offence ; and for any other of- 
fence within 14 days after the offence committed.. By 
43 Geo. III. c. 106. the provifions of 39 & 40 Geo, III. 
c. 66. and 41 Geo. III. c. 53, are extended to London, 
Weltminfter, and Southwark, and to all places within fifteen 
miles of the Royal Exchange. All raw hides within five 
miles of the Royal Exchange mall be brought to Leadenhall 
market, and the (kins of (beep and lambs to one of the three 
(hecp-flcin markets in Southw'ark, the Whitechapel market, 
or the market at Wood’s Clofe. Proper places and hours 
for infpedlion are to be appointed within three months jtfter 
the paffing of this ad. For the market at Leadenhall, eight 
infpedlors are to be appointed ; four from the company of 
butchers, two by the company of curriers, and two by the 
company of cordwainers ; and befides, there (liall be appoint- 
ed four infpedtors for the fheep market at W Ovid’s Clofe, two 
for Southwark, and two for the market of Whitechapel. 
One half of the infpedors at each of the three lail-mcntioned 
markets to be appointed by the company of butchers, and 
the other half at each of fuch markets in equal proportions 
by the companies of currier^ and cordwainers. Provifion is 
made for incrcafing their number and regulating their attend- 
ance. Infpedors for Leadenhall market are required to 
attend ou the ufual market days, from fix in the morning 
till five in the afternoon, from the 2^th of March to tfcS 
a9th of September ; and from feven in the morning until 
four in the afternoon, from the 30th of September till the 
a4th of March. 

The diAribution of fines and fees is preferibed, fo that one* 
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hair (hall be equally divided between the infpedors, adin^ 
at the refpe&ive markets, and the remaining half-part (hall 
be paid weekly to the arbitrator of the market, in mfped to 
which they are received, and paid monthly by the faid arbi- 
trators to the refpedive perfons ^pointed by the courts of 
afllfiants to receive the fame.' There is a penalty for imi* 
peding infpedors, not exceding 5/. nor lefs thani o/. for each 
offence, and alfo a penalty not exceeding 20/. on infpedors 
receiving, and perfons offering bribes. Salcfmcn are re- 
quired to deliver an account of hides or (kins fold, under a pe- 
nalty for every offence of 10/. The lord-mayor of London 
is empowered to increafe the fees of the infpedors, under the 
reprefentation of the courts of affiftants of the companies 
concerned, to any fum not exceeding id. for every liide, 

^d. for every cali-lkin, hog-(!cin, or pig-flein, and •*//. for 
every (heep or lamb-(kin. The refpedive courts of allift- 
ants are required to appoint annually four arbitrators, to fet- 
tle difputes arifing in any of the markets above-mentioned ; 
and thefe arbitrators are empowered to fine infpedors, and 
alfo butchers and falefmen, tor frivolous dccifions and exorbit- 
ant impofitions. Infpedors and arbitrators are liable to be 
difmifM for mifeondud in their refpedive offices, or to a 
fine not exceeding 5/. nor lefs than loj. Buyers and fellers 
of imffam[)ed hicks or (Idns are liable to a forfeiture not ex- 
ceeding 20/. nor lefs than 5/. for every hide ; and not ex- 
ceeding 5/. nor lefs than i/. for every Ikiu of hogs, pigs, or 
calves ; and not exceeding i/. nor lefs than 6d, for every (heep 
or lamb-ficin. The treafurers are appointed by the re- 
fpedive courts of affiftants to receive the Aims colleded by 
the arbitrators ; one-lialf of which (hall be paid to the trea- 
furer ^pointed by the company of butchers, one-fourth to 
the officer of the company of curriers, and one-fourth 10 
the officer of the company of cordwainers; w^hich fums 
(hall firft of all be applied for the execution of the ads, and 
to the ufe of the poor of the faid companies. 

For particular regulations concerning tanners and curriers 
of hides, fee thefe articles refpedivcly. The mayor and 
aldermen of London (on pain of 40/. for every year they 
make default, half to the king and half to him that (hau 
fuc) (hall yearly appoint eight freemen of fome of the emm- 
panics of cordwainers, currierf, ladlers or girdlers, of whom 
one (hall be a fealer, and keep a feal for the fealhig of lea- 
ther ; they (hall be fwom to do their office truly ; and they 
(hall fearch and view all tanned leather brought to market, 
w'hetlier it is thoroughly tanned and dried : and if it is, (hall 
feal the fame. Four of thefe officers (hall be changed every 
year ; no officer (hall be continued above two years together, 
nor be reJ-elefVed till after the end of three years, on pain of lo/. 
a month. A fimilar regulation extends toother places. The 
wardens of the curriers (hall fearch and feal curried leather, 
for which they are entitled to fees, to be paid by the currier ; 
on pain of forfeiture for every hide not fearched and fealed, 
fix. 8^. If any fearcher or fealer (hall neglect his office or 
mifbehave, he (hall forfeit 40A : if he (hall talte a bribe, 
or exad^ a fee not appointed, he (hall forfeit 2o/« ; and if he 
(hall refiife to execute his office, he (hall forfeit 10/. If any 
perfon (halV hinder the fearcher in the execution of his office, 
fie (hall forfeit 5/. (1 Jac. c. 22.) The mayor of London 
{on pain of 5/. half to the king, and half to him that (hall (be) 
mall, within fix days after notice given of any feizure of any 
leather, red and unwrought, appoint fix triers, two of the 
cordwainers, two of the curriers, and two of the tanners, 
uiiog Leadenhall market, who, upon their oaths taken before 
him, (hall, on the fecond or third market-diy for. leather, 
try the fame, whether it be fufficient or not. The fame re- 
gulation extends to other placet. Triers not doing their 
duty (hallforfeit 5/. The offering for fide of unfearched 



278 LEATHER 

and unfeded leather incurs a forfeiture of the fame, or its pi^es of hides and Ikins, tenhed, tarred, or drefled, to be 
vidue, and for every hide or piece &r. %d. ; and for every paid by the tanners, tawers, and dreiTers of hides and ikins 
dozen of calves^ ikins, 3x, 4^/. i but no perfon (hall incur any refpedtively, and the duties upon vellum and parchment, 
penalty for felling or buying any iheep-fkins, unfearched or to be paid by the refpeftive makers thereof j and certain 
unfealed. (iJac.c. aa. 4 Jac, c. 6.) All red tanned leather drawbacks are allowed on the exportation thereof. By 
fhall be bought only in the open fair or market, and not in tanned hides or ikins, or pieces thereof, are meant only fuch 
any houfe, yard, ihop, or other place, on pain of forfeiting as are tanned in wooze> made of the bark of trees, or ihu- 
the fame, or its i^ue, and rendering the contract void : and mack ; and by hides an4 ikins, drejfed in oiU are meant fuch 
fuch leather (hall be fearched and iealed before fale, and on as are made into leather in oil, or with any materials, of which 
fale ihall be regiftered, on pain of forfeiting the farne^ or the chief ingredient (hall be oil ; and by tawed hides or iltins, 
its value. (13 & 14 Car. II. c. 7 ) Searchers and fealers are meant fuch as are drciTcd or made into leather, in alum and 
ihall keep a regifter of all bargains made for leather, during fait, or meal, or other ingredients properly ufed by tawers 
the fair or market, with the prices; taking for fearching, of vrhitc leather. 9 Ann, c. ii. f. 3. 
fealing, and regiftermg of every ten hides, or butts, of By 43 Geo. HI. c. 69, every tanner iliall take out a li- 
the ieller 2^/., and fo in proportion; and for every fix cence annually, for which he iliajl pay, if within the bills of 
dozen of calves’-ikins, or iheep-ikins, id, : and of the buyer mortality, 5/., elfewhcre 2/. 10/., on pain of 30/. (24 Geo. HI. 
after the fame rate. Red tanned leather, brought into Lon- c. 41. Seif. 2. $ i.) And every tawer fhall take out a li- 
don, or within three miles of it, ihall be brought to Lea- cence annually, for which he ihall pay 1/. on the penalty of 
denhall, to be viewed and regiftered by the fearchers, with ic/. And every dreifer of hides in oil fliall take out a Ii- 
half fuch fees to be paid for tanned leather bought out of cence annually, for which he ihall pay 2/. on the penalty of 
London, or within three miles, and fearched and fealed be- 20/. And every currier fliall take out a licence annually, for 
fore it be brought within the city ; on pain that every perfon which he ihall pay 2/. on the penalty of 20/. And every 
houiing, or not bringing hifc leather to Leadcnhall, fliall maker of vellum or parchment fliall take out a licence an- 
forfeit for every hide or ftin 6r. Sd, No perfon ihall buy nually, for which he ihall pay i/. on the penahy of icA 
any tanned leather, unwrought, but who fliall work the fame And every perfon who ihall talie out fuch licences ihall re- 
into wares, on pain of forfeiting the fame, or value, (i Jac. new them annually, ten days before their expiration, on the 
c. 22.) But by 12 Geo. II. c. 25, all perfons who deal penalties above ftated. Collar-makers, glovers, bridle- 
or work in leather may buy all forts of tanned leather in open cutters and others, who drefs ikins or hides, or pieces thereof, 
fair or market, whether curried or uncurried, being firft in oil, alum, and fait, or meal, or other ingredients, and who 
fearched and fealed, and may cut and fell the fame in any cut and make the fame into wares, fliall be accounted tawers, 
fmall pieces in their open ihops. (See alfo i W. felT. i. or dreflers. (2 Ann. c. 11. f 28.) Any hide or ikin, which 
C. 33.) Within London, or within three miles, no perfon hath once paid the duty, ihall not be charged under any other 
(hall fell any wares appertaining to the myftery of anyarti- denomination (9 Ann. c. ii. J 3.) The commiflioners 
fleer cutting leather, but onlv in open - fliop, common fair, of thefe duties, appointed by the co.mmiifioncrs of the trea- 
or market, whereby the waroens may have fearch thereof : fury, ihall have the fame power as the commiflioners of ex- 
on pain of forfeiting the fame, and alfo lor. i Jac. cife. Tanners, tawers, curriers, or dreflers of hides or 
C, 22, ikins, and makers of vellum or parchment, are required to 

No ihoemaker (hall make any boots or ihoes, or any part give notice in writing to the oflicer, of their names and places 
of them, except of leather, well and truly tanned and cur- of abode, and of their tan-houles, yards, work-houfes, mills, 
ried, or of leather well and truly tanned only ; nor put or other places where they intend to tan, taw, or drefs 
into any part of any ihoes or boots, any leather made of a hides or ikins, or make vellum or parchment, before they 
fheep-ikin, bull-hide, or horfe-hide, &c. &c., on pain of ufe the fame ; on pain of co/. Thofe who ufe fuch places 
forfeiting for every pair of ihoes or boots 3/. 4 d., and the without entry of them, fhall forfeit 20/., and the goods found 
value. And if any artificer ufing leather do make any wares in them, or their value, ihall alfo be forfeited. The officers, 
of any tanned leather infufficiently tanned, or of tanned and at all feafonable hours, fliall enter and furvey thefe places, 
curried leather, not fufficiently tanned and curried, he ihall and if the owner or occupier refufe them entrance, he fhall 
forfeit the fame, and value. If any ihoemaker or cobler forfeit 10/. And if any h^e or flein, tanned, tawed, or 
within London, or three miles of it, ihall put any tanned drefled in oil, be found in any place not entered, without a 
leather into any boots or ihoes, or other things made of ftamp denoting that the duty has been charged, the fame 
tanned leather, which (hall not be well and perfealy tanned, fhall be forfeited and feized ; and the perfons in who.e pof- 
or do put any curried leather into boots or (hoes, or any feffion it (hall have been found, (hall for each ofFcncc forfeit 
things made of leather, which ihall not be fufficiently tanned 100/. (41 Geo. HI. c, 91. § 10.) Tanners and ethers 

and curried, and alfo fealed; he (hall forfeit the lame and (hall give two days notice to the proper officers of the re- 
value. I Jac. c. 22. moval of guods to the drying place, that an account of them 

All forts of leather and fltin, tanned or dreflTed, may be may be taken ; and before they are carried ‘away from the 
exported. 20 Car. II. c. y. 9 Ann. c. 6- drying place, two days notice fliall be given ; and they fliall 

By 43 Geo. HI. c. 69, a duty is laid upon all hides and be entered with the officer with refpe<ft lo tlieir number and 
(kins, vellum and parchment, imported ; and drawbacks quality, and verified on oath before a juftice of peace, col- 
allowed on the exportation of them. Other duties are alfo le£lor or fupervifor ; nor fliall they be removed, till the duty 
impofed by 49 Geo. III. c.98. for which we refer to the be firft charged, entered and marked. Tlie penalty for neg- 
iGt, fehed. A. After the duty on importation (hall be paid, left is 20/. and forfeiture of the goods, or their value. Con- 
the officers of the cuftoms (hall caufe every hide or (kin to be cealment of any hide or (kin, vellum or parchment, in order 
marked, to denote the payment of the duty, (q Anne, to avoid the duty, incurs a forfeiture of 20/. and the goods 
c. XI.) But by 15 Geo. III. c. 35, raw or undre(ira goat- or their value. If any tanner or other perfon fliall fliavc any 
(kins tnay be imported for five years, duty free ; and this hide or calf-flrin, before the fame be thoroughly tanned, io 
a£l was made perpetual by 31 Geo. III. c. 43. The feve- as to impair it and dimini(h the duty, the fame or its value 
fai duties for and upon all hides and (kins, and parts and (hall be forfeited. Tanners or other fuch perfon (hall koeo 
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jull fcales and weights ; and the penalty for neglcft or not 
allowing the ufe o? them, (hall be a forfeiture of 50/. The 
ufe of falfe fcales incurs a forfeiture of tool, (10 Geo. III. 
c- 44. 28 Geo. III. c. ^57.) Cheating or obttruftiiig 
officers fubiefts to a forfeiture of 100/. (26 Geo. III. 
c. 77.) When the duties are afeertained, the officer fliall 
enter them in a book, and return them to the commiflioners, 
or a perfon appointed by them j and when the duty is fettled, 
the officer ffiall caufe every hide or fltin, and every piece of 
both, and all vellum and parchment to be marked. And if 
the goods be removed before the duty i& charged, and they 
are marked, the penally is a fc>rfeiture of 50/. and the laid 
goods ; and any perfon counterfeiting the Itamps, or know^^ 
ingly felling any of the Icud goods with a counterfeit ftamp, 
h cliargeaUc with felony without benefit of clergy. (9 Ann. 
c‘ 1 1. 5 Geo. IL c. 3. 33 Geo. 111 . c. 54.) Stamped and 
unftamped goods flull be kept feparate, on pain of 10/. 
(5 Geo. c. 2.) And thofe that have been ftamped ftiall not 
he removed for 24 hours after ftamping, &c. under a forfeit- 
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lire of 20/. (5 Geo. III. c. 43.) Scales and weights 

fhall be kept for rcwcigliing them, and aflillancc given to 
the officer, on^ain of 50/. Perfons within the bills of mor- 
tality ffiall pay off the duties within 14 days to the com** 
miflioncrs, and in other pl.ices in fix weeks, after the goods 
have been marked. (9 Ann. c. li.) Thofe who do not 
pay in this manner ffiall forfeit double duty ; and they (hall 
not be delivered out till the duty be paid, on pain of double 
value. Every tanner, and other fuch perfon, ffiall balance 
their accounts with the officers once in three months, on 
pain of 50/. Any two juftices refiding near the premifes 
may hear and determine offences, and order the penalties to 
be levied by diftreis and fale, if not redeemed in fix days. 
Foreign maniifa 61 ured gloves imported lhall be forfeited, 
and may be fearched for and feized by any officer of the 
cuftoras or excife ; and every perfon importing or vending 
the fame, ffiall alfo forfeit 200/. with double colls. 6 Geo. 
III. c. 19. 



Lighthouse 


X IGHT-House, in the Marine^ i8 a building or watch- 
j tower ercAed upon the fea-(hore, to fcrvc as a landmark 
to mariners in the night, to avoid any rocks or other dangers* 
The light-houfe is generally a high tower, having at the top 
an apartment called the lantern, with windows on all fides, 
to exhibit the light made within it by the flame of an open 
fire, or by lamps or candles. It is frequently of fervice to 
navigation, to ereft light-houfes upon infulated rocks rifing 
from the fca, to warn fliips of their approach to fuch rocks* 
Of this kind arc the Eddyftonc rocks off Plymouth, and the 
Bell rock at the mouth of the Forth in Scotland. In thefc 
fituations, the heavy fwell of the fea, when agitated by a 
ftorm, ftrikes with fuch force againft the building, as to 
require every precaution to fecure them from being over- 
thrown by the continued ail ion of fo powerful an enemy. 
The Eddyilone rocks being the moft celebrated, as well from 
their peculiarly expofed fituation, as from the great inge- 
nuity difplayed in the conftruftion of the light-houfes 
creded at different periods upon tliem, renders them deferv- 
ing of particular defeription* The hiftory of the different 
crefiions has been already given under the head of Eddy- 
stone* We here intend defcribiiig the conftruftion of each, 
which will be a fummary of all the diffeamt kinds of light- 
houfes of wood or ftone* 

Mr. Winftanley*8 light-houfe was begun upon the Ed- 
dy ftone rock in 1696, and was more than four years in 
the creftion, from the many interruptions of the wind, 
which from fome quarters caufes the fca to break over thefe 
rocks with fuch violence, as to prevent the ppflibility of 
landing upon them, though the fea around is very quiet. 
This is occafioned by the rocks being open to the fwell 
from the Great Atlantic ocean, or from the Bay of Bifcay, 
in all the fouth-weftem points of the compafs ; and is in- 
creafed by the form and pofltion of the rocks, which hal^e 


a regular flopc to the fouth-weft from the deep fea to the 
rock upon which the houfe is ere6ted, and which, therefore, 
receives the uncontrouled fury of thefe feas, meeting no 
other obie6I to break upon, and the effed of fo great an 
extent of water, caufed by the hard S.W* winds, continues 
for many days, though lucceeded by a calm, and breaks 
frightfully upon Eddyftonc* When there is no wind, and 
the furfacc of the lea appears fmooth, Mr. Winftanley’i 
light-houfe appears, from an engraved plate of it, publifhed 
by himfelf, to have .been a ftone tower with 12 fides, rifing 
44 feet above tlie higheft point of the rock, which is in* 
dined fo as to be 10 lower on the oppofite fide of the 
houfe. The tower was 24 feet in diameter. At the top were 
a baluftrade and platform : upon this eight pillars were 
erected, and fupported a dome of the fame diameter as the 
tower* From the top of this arofe a fmaller odagonal tower, 
15* feet in diameter and feven in height ; and upon this wai 
the lantern 10 feet in diameter, and 12 high, containing the 
lights. It had a gallery or balcony furrounding it, to give 
accefs to the outfide of the windows. The whole was fur- 
mounted by a fanciful iron work with a vane. The entry wai 
by a door at the bottom, which was folid ftone, except the 
aperture for the ftaircafe, 12 feet in height. Above this were 
three floors, the loweft being the ftorc-room, the next the 
ftate-room, and the third the kitchen. Thefe occupied the 
height up to the level of the platfprm, or open gallery above* 
mentioned. The dome above this contamed the lodging* 
room, and the oflagon above it the attending or look-out 
room, immediately beneath the lantern. This edifice was, 
as before-mentioned, more than four years in ereAing. The 
firft fummer ( for it is only in this feafon the rock is ac* 
ceflible) was fpent in making 12 holes in the rock, and 
faftetiiiig 12 great irons to hold the future work. In the 
fecond year, a folid pillar 14 feet diameter, and it feet 
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high, was buflt as a core or centre for the building. The 
third year the pillar was incrcafcd to i6 feet diameter, 
and all the work was raifed, which to the vane wa« at that 
time 8o feet. The workmen lodged in the lioufc foon after 
Midfummer, but were by bad weather imprifoned 1 1 days 
before a boat could relieve them. A light was exhibited on 
the 14th of Nov. 1698. But finding that the Tea frequently 
broke over the lantern, in the fourth year the whole 
building was cnconipafled with a new work of four feet in 
thicknefs, made folid for near 20 feet high, and the lantern 
was raifed 40 feet higher than at firft, making it 90 feet to 
the top of the cupola of the lantern, above which the vane 
rofe 22 feet. “ Yet after all,*' Mr. Winftanley fays, “the fea 
in dorms flies in appearance 100 feet above the vane, and at 
times doth cover half the fide of the houfe and the lantern, 
as if it were under water.*’ The joints of the additional 
itjne work of the fourth year, appear to have been covered 
with an iron or copper hoop encompafling the building, to 
prcvcMit the fea wafhing out the mortar. The building with- 
iiood the vvafli of the fea only till the year 1703, wlicn the 
iiivcntor, being at Plymouth to fuperintend fome repairs of 
the buildieg, went off to it on forne of his friends intimating 
the danger of the building, from a florin which feemeil 
coming on. lie expreffed a wifh that he might be pre- 
tent in the moll violent florm which ever blew, to obferve 
cffool on the ftrinSlnrc. In this he was too amply gra- 
tified, for on tlie afilh of November a violent florm arofe, 
i.rid tlic next morning no veflige of the light-houfe remained, 

* ' eept fome of the irons which were fallened in the ruck, 
and a piece of iron chain, which was jambed fall into a chink 
<;!' i1k‘ rock, and nothing was ever afterwards found. TJius 
pi-riflied tlie firfl light-houfe wdlh its ingenious, but unl'n*. 
Tunate, builder. A Well Indian fliip was loll on the rijcks 
foon after the light-houfe w'a» overthrown, Thiscircundlaru -s 
;.nd the great utility of tlie light while exhibited, llimuUted 
the Board of Trinity houfe, who had the manaafcment t f 
the building, to creci another, and an a(M of parliament, of 
the 4th of queen Anne, was puffed in 1706, to enable the 
Board of Trinity houfe to raife duties on fhips to rebuild it, 
of which they granted a leafe of 99 years to Capt. Lovcl, as 
lie engaged to build and maintain the houfe. In July 1706, 
the work was begun under the direction of Mr. John Rud- 
yerd, wdio was at that tunc a lilk mtreer on Ludgitc hill, 
London, but who appe ars to liavc poflelfod much ingenuity 
and mental refource. He, like Mr. Win Hanley, puHifhed a 
print drawn by B. Lens, and engraved by J. Sturt# which 
informs us, that it was a conical frufluin of wood, formed 
of 71 upright beams, unked together by being bolted to cir- 
cular kirbs of wood witiiinfidc, upon which kirbs tlie floors 
were framed. It, in fi^mc degree, refeinbled an immenfe conical 
calk, but without hoops : the diameter at the bafe was 23 
feet, at the top jy feet, and its allit tide, from the Iiighcll 
point of ilicnmk to the K'p of the upright, was 62 feet. At 
the top of the ht.iidiug wms a balcony, fiirroimdcd by a railing, 
and in the ctiitre of the area thus formed the lantern was 
(ituated. It liad windows on all fulcs, and was of an odagonal 
hgure, 10 feet in di?oneter, and lu'gh, fiirttuninted by a 
k’ou'.c w ith a finipL* ball r.t top, infteacl of the fanciful iron work 
ornamented tlie lirll edfoce. Mr, Rudyerd, from prin- 
<',ph‘S totally dilTjrent from thofe of bin predeceffor, made his 
building q;:»‘tc plain, withorit the Icafl projection or orna- 
ment on wnicU the water cnuld ad when dafhing agaiiift it ; 
*ind he omitted no precRUtion cf uniting all the parts toge- 
ther, r.r.d fafleninj the whole to the rock. As the furiace 
f.l the rock war. np.turnlly inclined, and the wdiole building 
would have had a tendency to fiidc down it, if merely placed 
‘UpMi it, it Mr. WndUrJ.ey’s \va?, Mr. Uudyerd wifhed to 
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reduce its furface into level fleps, upon ^vbich each timber 
would have a horizontal bearing ; but finding this to be the 
moft diflicalt of the whole undertaking, it was imperfcAly 
executed, only five flep4 being cut, and thofe did not take 
out all the inclined furface ; however, it was fiifficient for the 
purpofe. 

‘J'he building was filled up quite folid for 19 feet from 
the loweft point of the rock, and, excepting the well for 
the flair-cafe, was folid to the height of ^7 feel. The folid 
was formed of three beds of moor llone, with ilrong floorings 
of limbers between each bed, to unite them with the external 
uprights, 'riie lower bed contained five eourfea of flone, and 
was live feet thick ; die fccond was the fame, and the third 
was four fe<‘t thick, coiituluing four courfes. The whole 
erection, in addition to die weight of this flone, which was 
about 280 tons, was fccured to the rock by 36 iron cramps, 
part of them arranged in a circle about a foot within the ex- 
t(‘rnal uprights, and the remainder, which were fmaller 
cramps, in an interior circle three feet diflant from the 
former, to hold down the floors of timber wliich had the flone 
bods bttvrcoii them. In the ctuitrc of the building a Ilrong 
mall was eroi^ted, fccured by two cramp.s to the rock at the 
bottom, and liliiig ;ibove the folid to the height of 48 feet, 
being unitcil to the framing of eaek floor it paflt-d through, 
and thus fuimlng a central axis to llrerigdicn the whole. The 
boufe above rlu* folid contained bmr apartments, the lower 
being the flou* room, tlie next the llatc room, the third die 
bed chamber, and the fourth the kitchen, immediately be- 
neath the Ian' crn. In tlie manner of fixing llie irons to the 
rock, upon the duration of which the fecurity of the whole 
v/ork depended, M; . Rudyerd fuccccded moll admirably. The 
holes in the r<»ek were made by drilling two holes rather di- 
verging from each other, fo that they would be an incli more 
afiind.-rat 15 cm 16 inches depth, than on the furface of the 
rock. A third hole being drilled between thefe two, and the 
three being broken into one, formed a hole larger at the bot- 
tom than the tup. The iron cram]) wa.s formed of tw'o pieces, 
which, when laid together, were of the fliape of the hole, but 
when feparated, one was larger at the bottom than the top, 
and the other fmallell at tlie bottom ; therefore the former 
being firft put down into the hole, and the latter driven in 
by the fide of it, wedged it fdfl, and both being united by 
the fame bolts which attached them to the limbers, ren- 
dered it impofiiblc to draw them out. They were put in their 
places hot, and a quantity of melted tallow' being firft poured 
into the hole, wdicn the hot irons were put clown the tallow 
ran over on all fidcs, and thus certainly filled up all cavities. 

A quantity of coarfc pewter, made red-hot, was now poured 
into the cavity round the irons, and, being a heavier fluid, dif- 
placcd the tallow, and filhed the fpace round them completely, 
tlic tallow cffedually preventing the entrance of the fea 
water into the moil minute cavities. This method i< worthy 
of record, as it may be applied to many other ultful pur- 
pofes. Mr. Rudyerd, as before-mentioned, began his ope- 
rations in .Inly 1706; in July 1708, he had fo far com- 
pleted it as to exhibit a temporary light ; and the whole was 
completed in the following year. This building had fome 
repairs of its timbers in 1725, and again in 1744, wlien a 
violent florm had carried away a ^great number of the up- 
right timbers : but it fliewed itfelf, 111 the courfe of 49 years, 
to be a very excellent conftriidion of its kind, and only 
liable to dellru£lion from the pcrifhable nature of its mate- 
rial', or the cataftrophe w'hich awaited it on the night of the 
2d of Dec. 1755* when one of the attendants, entering the 
lantern to fnuft the candles, found it in flames, and, nou 
w'ithlianding every exertion, the fire communicated to the 
uprightFi and bunted downwards. The imforiunate men de- 
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fcended from room to room as the fire increafed, and were 
at laft obliged to take refuge, from the fall of burning tim- 
bers, in a cavity of the rock, from which they were rdievcd 
by a boat the next morning. The wind, unfortunately, blew 
from the call, and though it caufcd fuch a fwell as to pre- 
vent landing, did not break on the houfe fo as to extinguifh 
the fire ; and thus, in a few days, the whole was dellroyed, 
except the iron cramps in the rock. 

It is lemarkable, that whiUl one of the light kcepero, at 
the commencement of the fire, was looking up at the fire in 
the cupola of the lantern, a body of melted lead fhowered 
down upon him, and he declared a quantity had pafled down 
his throat into his llomach. He lived only 1 2 days after being 
taken on fhorc ; and on opening the body, a mafs of lead 
was taken from the llomach, weighing more than feven 
ounces. The curious fa6l, of his having 1 2 days furvived fo 
alarming an accident, was communicated by his attendant 
furgeon. Dr. Spry, to the Royal Society, but the circum- 
flance appeared fo improbable, that it did not, at firil, meet 
that credit, which future experiments on animals proved he 
was entitled to. 

On the news of the fire reaching London, the proprietors 
(for by the fale of Capt. LovePs original leafe, the property 
of the light-houfc was now in many hands,) immediately 
took meafures to reilore it, and appointed one of their mem- 
bers, Mr. Rob. Wefton, to the foie management of tlieir 
affairs, and he being recommended to Mr. John Sinea- 
ton, F. R.S., by the prefident of the Royal Society, employed 
this gentleman to devife the means, and fiiperintend the erec- 
tion, of a new building. Mr. S., whofc originality of genius, 
and foundnefs of jmigment, have fincc been fo generally 
known, was at that time jull entering into his profeflion as a 
civil engineer, but immcdialcly devoted himfelf to the confi- 
dcratioii of the light-houfe, and foon determined upon 
cred^ing a Hone buikling ; and reafoned, that by making the 
building very heavy, and uniting all the Hones firmly together, 
be ftioiud obtain fuch a weight and Hrength, aa would firmly 
Tcfift the united adlion of the wind and water. He determined 
upon dovetailing the Hones together, as being a more fecure 
method than cramping with iron, and not liable to inter- 
ruption from the work getting wetted, as would almoft un- 
avoidably happen in fuch an expofed lituatian. On the whole, 
the building he eredted, and which is now Handing, may be 
conlidered as the moH perfedt light-houfe in cxiltence, and 
gives examples of the bcH kinds of mafonry. We have there- 
fore given drawings of it in the P/if/r of JAght-honfe^ which 
are taken from a fuperb work in folio, publifiied by Mr. 
Smeaton in 1791, entitled “ Narrative of the Building, and 
Defeription of the Condrudlion of the Eddy Hone Light- 
houfe with Stone.** It is from the fame fourcc the whole 
of this article has been compiled. 

Fig, I. is a fouth elevation of the whole houfe, and^. i, 
a fection of the fiime. ' A reprefents the landing place ; B a 
natural cave in the call fide of the rock ; D an iron rod, 
ferving as a rail to hold by in palling up Heps cut in the 
rock, to the foot of the ladder occalionally put out from 
the entry door at E. At F is a cafeade of water, pouring 
over a low partol the rock, but this is only momentary, for 
the fwell will in an inllant caufe it to fet the other way. In 
Jig, 2. B ^hews the upright face of the rock, and the line 
a b the general direclion of its grain or Hope. In this figure it 
isfeen that, as high as the firH 14 courfes of Hone work, the 
building is entirely folid. Here the entry F commenccR, but 
excepting this cavity, and the Haircafe X, the fond Hill con- 
tinues to the floor of the loweft chamber G, which is the 
ftore room, and H the door at which the ftores are drawn up 
aad received. L is the upper itore room ; K the kitchen con- 
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taining the fire-place L, from which the fmoke alcends by a 
copper funnel m, through the bed room M and lantern N, 
to the ball on the top of the cupola O. The afeent from room 
to room is by the perforations through the middle of each 
floor, a moveable Hep ladder being ufed for the attend*- 
ants ; but (lore may be drawn up from the lower room 
into any other. P is the railing forming the balcony ; 
its floor is covered with very thick Dicct lead, turned 
down over the cornice Q, which furmounis the co- 
lumn of the building. R is the Hone baferreiit of the lan- 
tern, and N the glazed part : the cujiola O is fupported by 
eight call-iron ftandards, between which the copper , win- 
dow frames are fixed ; the Handards have claws at bottom, 
which are ferewed to flat iron bars rcHing upon the fione 
work. By tins means the whole lantern is framed together ; 
and to ftrengthen it, the window frames are call with di- 
agonal bars, as Ihewn in Jig, 2. The whole lantern is held 
down by eight bolts at Its angles, palling doun through 
.the balcony floor ; one of thefe is fccii at d : S is the door 
to the balcony. The lantern is lighted by 24 caudito ar- 
ranged in two iron circles, one fix feci four inches diau efer, 
containing 16 lights ; and the oth'T, three iVet four irichc^ 
diameter., holding eight candles. Thefe circles are hifpcndcd 
by cords going over pullies, fo tliat they mmiially rife 
and fall parallel, and counterbalanc(3 each other. By tliis 
arrangement cither oircle can be drawn down to friulF the 
candles, which is done every half hour, w'ithout lofing the 
wdiole light. Having thus defenhed the general ouiline 
of the building, the nunutia of its conRrudlion comes next 
to be dclcribed, and the maimer of uniting the Hones com- 
pofing it. The fedion,j^^. 2, Ihcvvs tlie f jvcral Heps whicli 
w'cre cut in the rock to engraft the Hone work upon. 
Figs, 1, 2,3, 6cc. denote the difterent courfes of Hone, each 
of w’hieh makes a level furfacewith the Hep it is fitted into. 
The feventh is the firH complete courfe. Fig, 3. is a plan 
of tlie rock, fhewing tlie courfes 1, 2, and 3, laid iif their 
places, and exhibiting the dovetails which are cut in each 
Hep to hold the fcveral Hones in their places; and thefe 
Hones arc fo formed as to culock the others with them in 
a manner w'hich will prcveiil any Hone (jiiiiring poiition. 
The dark lhaded Hones are moor Hones, while the lighter 
forts are Portland Hone. Fig, 4. is a plan of tlie fi vcntli 
or firH complete courfe, flic wing a central Hone with fimr 
dovetails uniting it to four others, and thefe tying in the 
remainder All the folid eourf<*s are laid in this manner to 
the fourteenth, which, as before mentioned, completes the 
entire folid. Every courfe is laid in fuch a mnnner upon the 
one beneath it, that all tlie joints break each other, j. 

. mafons term it, that is, imnn diately above and below the 
joints of any couiTe the middle of a folid ftone is difpoled. 
The fcvc'al courfes are retained uj)on ncli other, 10 prevei.t 
them llidi.ig ijclrways, by mcaii.« of jngg/cs, which are 
plugs or cubes of hard black marble, ihewm by the dark 
Iquarcs in Jig, 2, and in the ^pJan, y/-. 4, to be received 
one-half through every two adjacent courfes. All the coiwhs 
of the entire fulids luvc a central joggle /, and eipht 
others, g, arranged in a ce*cle round it, as Ihcwn in fg 4 . 
Above the eiiliie hdid, the ccnli«* Hone is omitted to ilww: 
the well-hole for the liair-cale, X, or rather, it is cum- 
pofed of four ftone.s, muted by hook or dovetail joints, to 
form, when put together, one piece, large enough to hriic 
the well-hole ilirough its centre, and the exterior Hones aiv! 
united to it as a central pirce in the fame ma.H.er, as j.g, 4, 

In thefe courfes the conliniiity of the Hones being fomewhar 
broken, double the number of joggles, and Uiofe halt' 
the fize, are introduced between the courfes. It is to be 
obfemd, tliat none of the joggles, except the centre onts. 



LIGHTHOUSE 

momt immediately over the othersi as the figure would in- 
fer, but they break joint with each other to give every 
part of the folid an equal ftre^th. Above the folid, a 
new fyftem of building was neccflarily adopted ; the lower 
courfes were compofed of Portland fioncs to fill up the 
centre, and moor ftones, as being more durable, to make the 
outfidc. The whole of the upper works are of moor ftone ; 
and dovetailing being no longer prafticable, the ftones are 
united by iron cramps and joggles, as fhewn in Ji^. 7, which 
is a plan of the upper or bed-room M. Each ftone is here feen 
to have an iron cramp to join it to its neighbour, and has a 
fmall marble joggle to unite it with that above it. The ver- 
tical joints are rendered impervious to water, by cutting a 
notch between every two adjacent ftones, fo that when they 
come together it forms a hole of a lozenge fhape, and a* 
piece of ftone being put down into this hole with mortar, 
makes a perfect joint, at the fame time increafing the bond 
of "the ftones. This kind of joint is partly feen in^. 8, at 
ft, but one half is hid by the iron cramps vr, r, extending 
over every joint. In this figure they are feen inclined, that 
they may take firmer hold of the ftones /, j, forming the 
lidfes of the apertures T, for the window. The ftones of the 
different floors are dovetailed together, as in 5 and 7, 
and are rather arched on the lower lide, as (hewn in Jig. 2. 
To retain the thru ft of thefe arches, every courfefrom which 
a floor fprings, is bound by an cndlefs chain inlaid in the 
ftone work, as in Jg. 5, and run in folid with lead. The 
chain is (hewn enlarged in Jg* 6 . Fig* 7. is a plan of the 
bed-room M, (hewing the difpofition of the three cabin beds 
i} A m> with a window between each. The dark fpot m is the 
fmoke fuiftiel, and n is the place for a clock. — The reader is 
now tolerably well acquainted with the conllruftioii of Mr. 
Smeaton’s light-hoiife ; but in fuch a peculiarly expofed 
fit'iation, every trifling operation was attended with diffi- 
culty, and demanded thought and ingenuity to dovife the 
means of accomplifhing it. On this account we (hall briefly 
fohovv Mr. bmeaton througli his narrative, though it relates 
circumftances which, if recorded in the account of a com- 
non building, would appear impertinently minute. The 
feafon when Mr. Smealon lirft took up the buiirtefs of the 
light-boufe not being favourable fur a vlik to tlie rock, he 
did not attempt it till April 1756, before which time he had 
defigiicd the general principles of the building. He found 
upon the rock the irons of both the former ereflions, and 
ff.veral of the moor ftones of the late building lying in the 
gut, which was a narrow channel of twelve feet oeep be- 
tween the houfe rock, and a reef of rockfi to the vreftward, 
in which channel the boats coming to the houfe could lie 
in fair weather. His fu*ft vifit was employed in obferva- 
tions on the rock, and in experiments of the time requifitc to 
drill and pick holes of a certain dimenfion, that He might 
eftimate the time ncceffary to complete the work on the 
rock. In fucceeding voyages he took dimenfions cf every 
part to enable him to make an accurate model, to which he 
could adapt a model of the intended building. The unfa- 
vourable days at fea were employed on fhore in examining 
the ftone in the country round, a convenient fitiKition for a 
w^ork-yard, &c. The dimenfions of the rock were taken by 
the following means : He fixed up the circle of a tlieodolitc, 
wdth its index, in the centre of the rock, and levelled it 
with tl e fpirit-levcl ; a light rod was fixed to the index, 
long enough, when turned round, to reach alj parts of the 
rock ; it was provided with a fpirit-ievel to (hew when it 
ftood horizentaL It is obvious that this rod, when turned 
found, would deferibe a horizontal plane, and the depth of 
any point of the rock beneath this plane was afeertained by 
a rod iet up verticatty upon the point in queilioxi, and ap- 
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plying the horizontal ruler to it. The divifions on die ver- 
tical rod (hewed the depth ; and the divifion of the hori- 
zontal ruler (hewed the diftance from the centre, and the 
degrees of the theodolite circle pointed out the diredion. 
By. thefe means the pofition and altitude of thirty -two 
principal points were obtained, which were well marked 
upon the rock, and a line being ftrctched from one of thefe 
points to another, gavp the means of determining the po- 
lition of the iron ftanchions, or any thing elfc which was 
remarkable. Having thus, in ten voyages, made all the 
neceffary obfervations on the rock, and determined upon re- 

f ulations for the management of the work, he returned to 
.ondon, and, in his way, vifited the various ftone quarries in< 
Devondiire, and the ides of Portland and Purbeck. He 
was employed, till the month of July, in making exad mo- 
dels of the building, when he returned to Plymouth, where 
he found a veffel, the Neptune Bufs, which nad been fitted 
up for exhibiting a tempbrary light during the period of 
rebuilding the houfe. PVom fomc mifunderftanding be- 
tween the Board of Trinity and the proprietors, this veffel 
was not employed in this manner, but was devoted to Mr. 
Smeaton’s ufe, who immediately began the works upon the 
rock ; mooring the Bufs near the rock to ferve as a retreat 
for the workmen, wdio were frequently driven off by the 
waves. In tlie month of September the three lower fteps of 
the rock w^ere completed, and the upper ones in a ftate 
of great forwardnefs ; after which time, bad weather pre- 
vented much more being done that year, and in November 
the Bufs left her moorings to return to Plymouth, in which, 
voyage (he was driven to fea, and narrowly efcaped (hip- 
wreck, Thus concluded the operations of the year 1756.. 
The winter feafon was paffed in preparing ftone work on 
(hore, in building boats, and, by Mr. Smeaton, in a long 
and valuable feries of experiments on tbc different kinds ot 
cements, w hich could be applied to the building. 

In May I757> the Bufs was carried out aud moored, and 
on the 12th of June the loweft and firft ftone was laid in its 
place ; from the great uncertainty of the weather every ftone 
was fo contrived, that it was of itfelf in a condition to refill 
the walh of the fea, even wlwn it was immediately laid, and be- 
fore it was hardened. For this purpofe, each ftone had one or 
tw'o holes drilled through it before it left the work-yard, 
and this hole being continued a few indies into the rock, 
or the ftone beneath, a ftrong trenail, or oaken pin, was- 
driven through it, to pin it faft in its place : as the dove- 
tails did not of courfe fit perfecl-y clofe into each other, but 
left fpace for the mortar ; notches w^ere cut in the edges 
of each ftone to receive ftrong oak wedges, which held 
them firm until the mortar came to its folkiity. As a further 
precaution to defend the mortar, all the outward joints were 
Qoated over with plalter of Paris, as a temporary expedient. 
The work went on rapidly in this manner, and the fccond, 
courfe was nearly fet in a few days ; but a gale (prang up, 
wdiich obliged them to quit the work, leaving a few ftoiics 
of the fecond courfe, wlucli could not be fet, lowered down, 
into their places, and chained llrongly to the rock, by lines 
inferted into the holes made in each of tlie ftones, to lift 
them by ; and one of the moll expofed was fecured, by 
laying upon it, wlien in its dove-tail, a weight of lead of 
five cwt. in form of a heinifphcrc. A ftorm came on, and 
it was afterwards found, that this weight had been lifted’ 
by the waves, fo that the ftone beneath it had cfcaped and 
was loft, as were four others, from which circuniftance the 
force of the fea on the rock ma^ be imagined. • New ftones 
were immediately prepared, and the work renewed. In the 
progrefs of the work, it conftantly happened, after all pre- 
cautions^ that the cement was waihed away in particular 
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placets tnd it wai always repaired the firft opportunity with 
Pozzolana or Dutch terras ; which repairs, if they with- 
ftood one rou^h tide, were never found to fail afterwards ; 
but fome places were found fo difEicuIt, that it became ne* 
ceflary to mix oakum, chopped very fmall, with the mortar, 
and this method always fucceeded. On the nth of Auguft 
the fix bafement courfes were completed, and the firft entire 
courfe, N® 7, was begun. All the ftones for this courfc 
were fitted and put together in the work* yard, as (hewn in 
4. They are numbered, fo that after being taken to 
pieces, they could be reltored to the fame relative pofition 
on the building ; but to do this accurately, while they were 
in the work-yard, radial lines were drawn from the centre to 
the circumference, fo as to intcrfedl each ft one and concen- 
tric circles were drawn through the middle of each tier of 
ilones. Where any of thefe Tines crofted the joints, a nick 
was fawn in the edge of the ftone, that the mark might 
be felt as well as leen ; and by the coincidence of thefe 
lines the ftones were fet with the greateft accuracy. On 
the ftones arriving at the work, the central ftone was firft 
fet ; the hole to receive the centre joggle was cut through 
tlie centre of courfe fix, and the joggle fet up therein, as 
fhewn in 2, and the centre ftone of courfe feven let down 
upon it, a mortar bed being made beneath. When the 
ftone was thus fixed, the joints round the joggle were filled 
in by grouting, which is mortar made very thin and poured 
in from ladles. The four ftones furrounding the centre 
were now fet, and the work proceeded thus to the tircum- 
ference, every ftone being wedged and t renailed as foon as 
fet, and the joints grouted. To fix tlie eight fmallcr joggles, 
they were let, wedged, and grouted into their holes in the 
lower courfe 5 but the holes for their reception in the lower 
fide of the upper courfe, being only cut half through, did 
not admit of wedging; they were therefore fixed by the 
mortar only, as much being put on the top of the joggle 
as would nearly fill the hole, but not quite, and the remain- 
der was introduced through a hole previoufly drilled through 
the ftone, and forced down by a wooden ramrod. 

The mortar ufed in the building was compounded of 
equal portions of lime and pozxolana. The lime was burned 
from the blue Lya& limeftone found near Watchet, a fmall 
feaport in Somer let (hire. It was carried out in tight calks, 
which were opened at the rock, and a fmall quantity beat up 
in a ftrong bucket with a wooden peftle, and ufed imme- 
diately, The work proceeded in the fame manner without 
any deviation or accident, except now and then lofing a 
few ftones by ftorms, until the end of September, when the 
ninth courfe, being completed, the work was given up for 
the year, and the Biifs left her moorings. 

During the winter, the buoy of the moorings for the 
Bufs was loft, but was recovered on the nth of May, 1758. 
Yet, before any work could be begun, the chains were broken, 
and the buoy of the anchors havi.^g got loofe, the moor- 
ings were loft ; much time being con fumed in preparing new 
ones it was the 2d of July betorc the work was renewed ; 
but by the 8th of Auguft, the 14th courfe, completing the 
entire folid, was laid, and by the 20th the entry door was 
covered in, and by the a4th of September, the whole of 
the folid, up to the ftore-room floor, was finiftied. Above 
this the method of working was totally altered, but not 
being now fo liable to the aaion of the lea, it became lefs 
dilEcult, and requires lefs defeription. In addition to what 
has been faid before, the iron cramps were all filled in their 
places with lead, and a whole courle was done at once, by 
putting each cramp into a kettle of red-hot lead, till it was 
equally hot. A fmaft quantity of oil was poured into the 
hmet in the ftone» and tae hot cramp put in ; this oil caufed 
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the lead, when poured in, to occupy every cavity in the* 
ftone. 

On the 30th of September, the work had arrived at the 
ftore-room floor, and here the iron chain, fhewn in A, 5,^ 
was let into the ftone, and Ailed in wdth lead in the foUow- 
ing manner :*-the chain was oiled before putting it in, and 
the. groove divided into four parts by dams of day. Two 
kettles were ufed, which together would hold lead enough 
to All the whole groove, which was 1 1 cwt. In thefe the 
lead was made red-hot, and two perfons with ladles filled the 
lead into the fame quarter of ,the groove. As foon as it 
was at all fet, they removed one of the clay dams, and filled 
the next quarter, pouring the lead on the end of the firft 
quarter, till it re-melted and united with the fecond. The 
dam at the oppofite end of the firft quarter was now re- 
moved, and the third filled, and then the 4th. By this means 
the lead was all round united in one mafs. 

The centering for the floor was next fet up, and the 
floor partly put together, the outward ftones being fet firft, 
and then the centre ones. When the firft room had been 
thus finifhed, Mr. Smeaton prupofed exhibiting a temporary 
light during the winter, and, by fixing three floors in the 
well for the ftaircafe, to form ftore rooms, and lodging for 
two men : but this idea was given up, as it did not meet the 
approbation of the Trinity corporation, and the work was, 
on the 7*th of Oi\ober, left for the year, the floor being 
partly finifhed. The winter was fpent in preparing the iron, 
glafs, and copper work for the lantern > and the fpring in un- 
luccefsful endeavours to recover the moorings whitb were 
^ain loft, and on the 5th of July the work was begun again. 
They found one of tlie ftones for the floor, which was lodged 
in the ftore room H the year before, , had been walhcd down 
the well, and thence through the entry into the fea, thougii it 
weighed four or five cwt. The ftones for the building had 
hitherto been railed out of the boats, by what are termed 
JbearSf formed of two poles, united at top, and their feet 
pitched on the rock dole to the building, at a proper dif- 
tance afunder. A block of pullies was lufpended from the 
top of the two beams, to take up the ftone. The fliears were 
fupported by a tackle called a guys, which was attached to 
the top of tne fhears, and hooked to the far fide of the 
building, fo that the ftone, being raifed up from the boat 
by a windlafs fixed on the rock at Y, Jig* 1, the guy was 
drawn in to fwing the ftone over the buildings When the 
work got above the entry E, the ftones were landed into it, 
and drawn up the vvcll X by a tackle fufpended from a 
fmall triangle fet over the well ; but when the floor was 
covered in, the hole in the centre being too fmall to let 
the ftones come up, a fmallcr pair of fliears were made to 
lie upon the building and rife as it advanced. Thefe were 
worked by a windlafs fet up in the ftore room H, and as 
they hung over tlie Hdes of the building, tln;y drew up the 
ftones clear of the wall. The wojrk proceeded in this man- 
ner till the 17th of Auguft, when the laft piece of the 
cornice Q was fixed, whi<m complcted.the whole column, and 
the workmen were enabled to lodge in the building. The 
balcony rails P, and the ftone baleme. t R of the lantern, 
were foon completed ; and by the 26th, the ftairs and all 
the mafonry were finifhed. The iron frame of the lantern 
was next ferewed torelher in its place, all the joints being 
firft, fmeared with thick white lead and oil to prevent them 
from rafting it was then railed up on wedges a fmall height, 
and lead poured in the joint between it and the ftone to 
make a folid bed for it upon the ftone.^. On the 17th of 
September, the copper cupola O was fet up, by a parti- 
cular kind oi fhears made for the purpofe, the guys, in dif* 
&rent dire&ions, being faftened to booms projedSd out from 
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l!he fevenl windowi of the upper rooita. The next day 
the ballf which was double gilt, was fcrewed on ; and bv 
0£tober the idth, an eledrical condudbr was fixed, which 
finifhed the edifice. A light was then exhibited, wWh hat 
been continued ever fince without any particular occurrence, 
or any accident produced by the many violent ftorms which 
have Mppened fince. Mr. Smeaton hat, in the title page of 


285 

bit narrative, given a reprelentation ot the houlc in a ttorm, 
at feen through a telefcope from Plymouth, when the waves 
dafli up againtt the building, till they meet the comice Q, 
by which the water it thrown of in all direfUont in a white 
column, which envelo|)es tlie houfe like a Iheet, and rifes to 
at Icaii double its liciglit, though the top of the ball is too 
feet above low vmter, liee Beacons. 








Lignite 


LIGN [TL. name is given, by Brongniart, to the 

fpcvjies of Inllaininahlc folLils, called braun IqIjIc (brown COal) 
by Werner. The following account, from Brongniirt’s 
Traitc de Mincralogic, will lupply tlic omiflion of Uie arti- 
cle Broivn i.oal in our work. 

Lignites vary in colour from deep and r.iining black to a 
dull earthy-brown ; the texture of mod of the varieties in- 
dicates their origin and explains their name. The ligneous 
texture is often obfervablc, though fometimes it has wholly 
difappeared. Its Iradure is compact, often refinous and 
conchcidal, or fhiniinr and even. 

The combullible minerals belonging to this ipecies are 
cliaradterifed by their fmell and the produdts of their corn- 
bullion. The odour winch they emit in burning is pungent* 
often fetid, and has no analogy w'ith that of coal or bitu- 
mens. They burn with a pretty clear dame, without bub- 
bling and caking, like coal, and becoming fluid in the man- 
ner of the folid bitumens ; they leave powdery aflics fimilar 
to tliofe of wood, but often more abundant, more ferrugi- 
nous, and more earthy. The aihes contain a fmall portion 
of potafli ; at lead Mr. Majon has found about 3 in 100 
in ihofe of the bituminous wood of Cadelnuovo. Theie 
combudibles yield an acid by did illation, which coal does^ 
not. 

The external rafters of the varieties of this fpecieJi 
vary too much to allow them to be farther gencralded. 


l. Jet Li^iiUs ; Jciyet» Pechlohhy Wern, 

Tins fubilance is hard, folid, coirpuft, and fufceptible 
of a bright polidi ; it is opaejue and of a jiiire black colour j 
its fracture is undulated, and fometimes fhiiiing like that of 
pitch. Specific gravity 1.259. It is faid to be fometimes 
lighter than water ; bi.t Broiigniart thinks this property rather 
belongs to the following variety. 

Is found in drafa ot little thickncfs, in marly, flaty, cal- 
careous or gritty beds. It fometimes exhibits the organical 
texture of wood. 

It is found in France ; in Provence, at Beledat in the 
Pyrenees; in the dcpartm.ent of the Aucle, near the village 
des Bains, /ix leagues to the fou h of Caieadone (this fonie. 
times contains ainb-r), and near Qnil'.an, in the lame de- 
partment, in the curnauines of Sainie Colombt, PeyiMt, and 
Badide ; it is firuatrd at the deptli of ten or twelve yards* 
in oblique drata between drata of fand-llonc; but thefe 
drata are neiihcr pure nor continuous Jot proper to be 
worked is found in malfes, the weight of wir.ch is feldom 
55 pounds. Thefe mines have been wrought for a long 
time, and have produced a confidenble quantity of jet, which 
was cut and poiilhed in the fame country. It alfo occurs in 
Germany, near Wiitemberg in Saxony, where it is alfo cut 
and puliihed. Very fine jot has alfo been found in Spain, 
in Galicia, and the Adurias. Is hkewife diid to occur in 
Iceland, in the W’ellcrn part of the inaiul, 

Belldcd thefe, proftfibr Jamefou has quoted the following 
localities of pitch-ccal or jet lignite : the coal didrifts of the 
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Lothians, Fifcfliire, IJnlithgowfliire, ifland of Skye, and 
Canaoby and Sanquhar, in Dumfricsfhire, in Scotland; 
NewcatUe, Tindel fells, Bolton and Whitehaven, in Eng- 
land ; Auilna ; Hungary, Bauuat, Traiilylvania ; Upper 
I^ufatia ; Silefia ; mount Meiflher in Heflia ; Wdrtenberg ; 
Francouia; Bavaria; Salzburg; Italy; Pninia. 

Of this c(unbullible ornaments are made, particularly 
mourning trin’r;ets ; it is polifhcd with water on a horizontal 
wheel of fand iloiie. Jet mixed with pyrites is generally 
rejedcd. 

2 . Friable Lignite ; Moor coal } Moor hohIe» Wem. 

Tluj variety occurs in thick and extenlivc beds. It is of 

a lively black, but lefs fhniing than that of the preceding 
variety. Its great friability is particularly charaAcriftic of 
it. Its furface is always cracked, and its mafFes divide with 
the grcatell facility into a number of cubic fragments ; a 
ch:ira£Ier which is not /ound in jet. 

Friable lignite is more abundant and confequcritly more 
ufeful than the tw'o firll varieties. It is found in horizontal 
banks often thick and extenfive, but is never feen in fuch 
large maflVs ns coal, with which it has been confounded by 
fome ; it differs not only by its properties but alfo by its 
geognodic fituation. It occurs in thofe maffes of fand 
which often fill up vallies in calcareous mountains, or cover 
the Tides of the hills that (kirt them. Is alfo found, 
though more rarely, in clayey marie. 

Friable lignite is pretty common in the fouth of France, 
fuch as in the department of Vauclufe. Alfo as coulider- 
able mafs at Luette, department des ForCts. 

Other locadtiea cited by authors are Leitmeritz, Saatz, 
and Ellenbogen in Bohemia : Thalern near Krems in Auf- 
tria ; Tranfylvania ; Moravia ; the iflarid of Bornholm in 
the Baltic, and the Faroe iflands. It occurs more fre- 
quently in Bohemia than in any other country. Jam. 

It burns without difficulty, but fpreads a very difagree- 
able odour. It can be made ufe of only in manufa£hire8, or 
to burn lime. Smiths cannot ufe it in ’their forges. 

3 . Fibrous Lignite ; Bituminous wood ; Bitummofes holtz^ 
W ern. 

Its colour varies from- a clear blackifh-brown to clove 
brown ; it has a perfectly woody form and texture ; confe- 
quently, its longitudinal fravSlure is fibrous, and its tranf- 
vcrfal fra£lure ftews the yearly layers of the wood. It is 
snore eafily frangible than wood-, and takes a degree of 
poliflt when cut wi.h a knife. 

This lignite often occurs in large maffes. 

It is found in France ; in the vicinity of Paris, near 
St. Germain, in the ifle of Chatou, which appears to 
be entirely formed of it ; and near Vitry on the banks of 
the Seine, where is a thick bed of trunks of trees well pre- 
CtTved. In the department of Arriege, the clefts of this 
lignite are filled with calcareous fpar. In Liguria, near 
Cafielnuovo, at the mouth of the Magra, it is found in 
thick and extenfive beds. In Hefiia, hi the mountains of 
Ahlberg, the Itratum is above two yards thick. At Stein- 
berg, near Munden in Hanover, it forms two ftrata, one of 
about ten yards, the other of fix, feparated by a bed of 
rock from tviclve to fourteen inches thick. In England, 
at Bovey near Exeter, there are feventeen pretty thick ftrata, 
fituated at a depth of about twenty-two yards under fimd 
and in potters’ c!uy. In Iceland, where it is very abundant, 
it is called Surturbrand ; the trunks which form thefe beds 
arc very diftind, a.id appear merely to have been compreffed. 

To thefe localities we add the following from Jamefon : 
Scotland, in the fietz-trap formation, accompanied with 
pitch-coal, in the iiland of Skye; in feparate pieces in 
uapp-breccia in tlxe iiland of Cannay ; in i?etz lisne-ftone^ in 
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the ifland of Skye, and in the independent coal formation lit' 
the county of Mid Lotliian ; Bohemia, in the Saatz and* 
Leitmeritz circles ; Aullria ; Tranfylvania ; Moravia ; Leo- 
ban in Stiria ; Irfenberg in Bavaria ; Upper Palatinate ; 
Landeck in Silefia; Halle; Merfeburg; Artern and Ei/lc- 
ben in Thuringia ; Kalten-Nordheim near Eifcnach ; Weh- 
rau. Upper Lufatia ; Wiirtenberg; Freeienwalde and Kb- 
nigfwalde in Brandenburg ; Wellerwald ; Salzburg ; Rulfia. 

But this lignite is liill more common in fmail detached 
maffes ; it fometimes accompanies the preceding varieties ; 
fometimes it is found alone in fmall layers, in the mid ft of 
banks of clay or fand. It is met with almoll every where,, 
and is ufed as fuel in thofe places where it is abundant. 

This combuftible being fcarccly decompofed, and hence 
rather vegetable than mineral, would not deferve to conlli- 
tute a variety in a fyftem of mineralogy, if it did not pafs by 
imperceptible degrees into the preceding varieties, and into^ 
that which follows. 

4. Earthy Ligtnle^ Earth coal; Erd kohle^ Wern. 

Commonly called earth of Cologne, and fometimes, 
though improperly, umber ; but the true umber, which comes 
from Italy or the eait, contains nothing that is combulliblc,. 
whence it cannot belong to this fpecies. 

This fubltance is black, or blackifh-brown mixed witlr 
reddifh. Its frafture and afpeft are earthy ; it is fine- 
grained, eafily frangible and even friable; it is rather foft to* 
the feel. Its fpecific gravity is nearly that of water. It 
burns, emitting a difagreeable fmell. 

It not only often contains vegetable remains, but fome- 
times itfelf prefents the texture of wood, without ever pof- 
felling either the colour and luftre, or the hardnefs of the 
preceding varieties. It burns fufficiently well to be ufed as 
fuel. It gives a gentle and equal heat. 

It is found in fecondary formation in the neighbourhood 
of coal mines, and more frequently in alluvial land: 

As an authentic example of this variety may be mentioned 
the earthy lignite from the vicinity of Cologne, known in 
trade by the name of earth oi Cologne. It is dug up at a 
little difiance from that city, near the villages Brlilil and 
Liblar, where it forms very extenfive beds of eight or ten 
yards in thicknefs, which are fitualed under elevated ground. 
It is* immediately covered with a bed, more or lefs thick, of 
rolled pieces of quartz and jafper, of the lize of an egg, 
and reft 8 on a bed of w^hite clay of an unknown thickne^*. 
The bed of lignite is homogeneous, but fulfil vegetables are 
found in it in a good ftate of prefervation ; they are,. 

1, trunks of trees lying one on the other without order;, 
the wood is black or reddifli, generally compreffed; it readily 
exfoliates by drying in the open air. Some of thefe belong 
to dicotyledonous trees, others are fragments of palms* 
Among thefe M. Coquebert-Montbret has found fome that 
are filled with a number of fmall round pyritic bwdies re- 
fembiing grains of fmall fhot. Similar fmall, but elongated 
round grains, rcfernbhng a tw'o-cellcd pod, have been found 
by Mr. Heim, in tlic lignite of Kaltcn Nordheim. This 
wood burns very well, and even with a fmall flame.. 

2. Woody fruits, of the lize of a nut, and which are con- 
fidered as belonging to a fpecies of areca. The lignite of 
Cologne contains about twenty per cent, of afhes rather alka- 
line and ferruginous. Its ules are manifold ; it is worked 
in c?pen air with a limple fpade, but in order to convey it 
with gprealer convenience, it is moillcncd and moulded in 
veffels which give it the fliape of a truncated cone. It is 
generally ufed as fuel in the neighbourhood of Cologne.. 
It burns (lowly but readily and without flame, like fungua. 
tinder, giving a itrong he.nt and leaving very fine afhes. 
Tfie latter b^ng confidered as a very good manure, a part- 
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^ the lignite U burnt on the fpot where it it wrought, for 
the fike of obtaining them. 

The earth of Cologne is particularly employed for paint- 
ing in diilemper and even in oil painting. Tm Dutch uie 
it to adulterate fnuff, and if it is not added in too great a 
quantity it gives the fnuff a defirable finenefs and foftnefs, 
and cannot be in the leaft injurious. Faujas. 

This lignite is faid to occur alfo in Helfia, Bohemia, 
Saxony, Inland, &c.; but as there has been a confufion 
between this fubftance and the variety of ochre called wtAer, 
we cannot be certain that thefe indications of localities are 
referable to earthy lignite. 

It may have been obferved, from what hat been faid on 
the fituations peculiar to fome varieties of lignite, that this 
fblfil combuftible belonn to dcpofitions of the moft recent 
formation, fince it it round only in alluvial fand or clay ; 
it feldom or never occurs in (tony depofitions, except in 
coarfe grained lime-ftone and under bafalt. In the moun- 
tains of Hellia called the Ringc Kuhle, feveral thick beds 
of lignite are feeq telling on fandllone, and feparated by 
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beds of potters' clay and land. — f Mohs). Un the ica-ibore 
near Calais, fragments of lignite nave been found that were 
penetrated by very tranfparent globularly aggregated quartz 
oryftale. 

The air wluch circulates where lignite is wrought is gene- 
rally bad. 

From what has been laid it appears (our author concludes) 
that lignite is of a very different formation from that of 
coal>; indeed, Mr. Voigt thinks that there is no traniition 
between thefe two fubmnees. 

The firft of Brongniart's varieties of lignite, is by Wer- 
ner given as a fub-fpecies of his fchwartz koMe, or bla^k coal. 

A variety not mentioned in the aboveaccount of lignite, but 
nearly related to the fibrous lignite No. 3, it the fub-fpecies 
of Werner's brown-coal, culed emmtn hrownieaL Its 
.(Colour it light brownilh-black, palfing into blackilh-brown. 
It occurs maffi ve. I is fragments are indeterminately angular, 
more or left Iharp-edged. It it found at Bovey, and feveral 
other placet mentioned under the localities of fibrous lignite 
or bituminous wood. 
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LimE) Burning^ a term (ignifyinp the procefn of convert- 
ioff lime-ifone, chalk, marble, /hells, and other calcareous 
fubftances into lime, by means of heat, in kilns properly 
conftrudled for tlic purpofe. See Kir.v. 

In thcfe cafes, the calcination is cfleAed by different forts 
of fuel, in different fituations, but principally by fofliUoal, 
peats, or woods ; thefe being laid in layers, alternately 
with thofe of the calcareous materials, in the kilns, and 
the proccfs of burning continued for any length of time, 
by repeated applications of fuel and calcareous matters at 
the top, and drawing out the lime from below occafionally 
as it is burnt. 

But mineral coal, or culm, are tinqneftionably the moll 
convenient and fuitable materials for effefting this bufmefs, 
where they can be procured in plenty, and at a fufficiently 
cheap rate, as they burn the ftone, or other calcareous 
matter more perfeftly, and, of courfe, leave fewer cores in 
the calcined pieces than when other forts of fuel are em- 
ployed for the purpofe. 

However, Mr, Dodgfon has had much fuccefs in burning 
lime by the ufe of peats ; as lie Hates, in the Farmer’s Ma- 
azine, that he is “ convinced, from experience, that lime- 
one can be burnt to better purpofe, and at left cxpeiice, 
with peat than with coal. When coal is ufed, the lime. 
Hones are apt, from cxceflive Iieat, to run into a folid lump, 
which never happens with peat, as it kieps them in an open 
ftatc, and admits the air freely. The proceft of burning, 
alfo, goes on more flowly witli coal. No lime can be drawn 
for two or three days ; whereas, with peat, it may be drawn 
within twelve hours after fire is put to the kiln } and in every 
fuccceding day nearly douMe tlie quantity of wliat could 
be produced by the ufe of coal. The czpcnce is compara- 
tively fmali. A man and a boy will dig as many peats in 
one day as will burn' 6 o Carlifle buffiels of lime, (the Car- 
lifle bulhel is equal to three Winchefter ones,) and the ex. 
pence, including drying, will not exceed four, or, at mod, 
five (hillings ; while the coal neceffary for burning the ftm e 
quantity of lime would have coft twelve (hillings at the pit. 
The wetneft of ftafons is no argument againll the ufe of 
peats, as they can be (lacked near thr kiln, when half dry, 
at any time of fummer ; the moiftnre will be exhaled from 


tliein during winter, and they will be in a fit (late for burn- 
ing in the months of April or May. He lives in the north, 
eaftern dillrift of Cumberland, where the farmers, in general, 
burn their own lime ; and thoi/gh there is coal in the im- 
mediate neighbourhood, he gives a decided preference to 
peat, for the reafons above-mentioned.” And it is well 
known, that this kind of fuel has been occafionally ufed in 
many parts of the kingdom for the fane j-urpofe, from a 
very early period, without any coni,.l ihii. cf tlic want of 
fuccefs. 

In the pra£licc here dated, no parllrular form of kiln 
was found neceffary, nor any particular fort of management 
111 the procefs of calnnation j tlic proportion of peat de- 
pending upon the nature of the limc-llonc employed, and 
other circumftances. 

It has been confidered by Mr. MarHiall, that *' the imnu- 
faclurc of lime is an art of which the manager of an edate 
ought not to be ignorant.” And he conceives, that “he 
ought to have, at lead, a fufficieni knowledge of its theory, 
to enable him, when occafion requi-es, to fiipn-iiiterid or di- 
reft its prafticc. For it feldom anfwers, unlefs where ma- 
terials are plenlifu! aud fuel cheap, for even tenant upon an 
cllate to maiiufafture his own lime. A full-llzod ki’n accu- 
mulates a flronger beat, with a given proportion of tuel, tlian 

a fmall one of the fame form,” which is without doubt a 
great faving. 

It is fuppofed, that “ the chief or foie intention of burning 
liine-llone for inuniirc, appears to be that of reducing it in the 
readied and chcapi'd manner to an impalpable powder. For 
experience fufficiently (hews, that quick lime is injurious, 
rather than beneficial, to vegetation ; aud that burnt linw- 
(lonc does not operate as a manure until it has regained the 
fixed air, of wnich the fire deprived it. If it could be 
reduced by mechanic powers to powder of equal fineneft, 
its effeft, as manure, would doubtleftly be the fame as that 
of dead lime (effete). It is in the perfeft folution which 
wcll-burnt lime-llone has received, by the expulfion of its 
-fixed air in the fire, fo as to have completely loofened 
Its texture, and unbound its every atom, that we are to 
look for its prompt effeft and the (hortneft of its duration, 
comparatively with unburnt calcareous fubftances. Hence 
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the main point to be attended to is to expel the whole of 
the aift rori unlefs this be accompliihedt the folution be- 
comes impcrfeA ; the Rones, inftead of completely difl’olving 
into impalpable atoms^ break into granuleii or flakes ; leav- 
ing, perhaps, a firm core in the centre, to encumber, ra- 
ther than to fertilize, the foil^* on which they are applied. 
“ There is, however, an oppofite extreme to be avoided, and 
with greater care. For an unburnt ftone may be returned 
to the kiln, but one which, by too intenfe a heat, is vitrified, 
or changed to a Rate of impure glafs, is not only rendered 
ufelefs, but has incurred an extraordinary wafte of fuel. 
Confequently, Rones that are prone to vitrification ought to 
be broken down into finall pieces; othei*wife, the fire is 
required to be fo intenfe, that the furface becomes vitrified, 
before the air from the centre can be expelled.** And 
another fuggeRion, refpefting the proper fize of the Rones 
to be burnt, may have its ufe. Where fuel is weak, or dear, 
the materials require to be broken into fmallcr fragments, 
than where a Rrong fire can be kept up at a fmall expeftee ; 
while, under the latter circumRance, and where the Rone is 
not prone to vitrification, much of the labour and expcncc 
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of breaking may be laved, by uling an extra quantity ot 
fuel, and keeping up a Rrong fire in the kiln,” or place 
where it is burned ; the form or conilrudion of which 
depends partly on the qualities and value of the materials, 
and partly on the kinds of fuel that are made ufe of, and 
the differences of their prices at the places where they are 
em^oyed. See Kiln. 

it is ufeful that the procefs of burning lime fhould go on 
during January and February, as well as moft of the winter, 
and alfo in the fummer months. Perpetual kilns are wrought 
in many diflridls, efpecially the northern ones, and in Ire- 
land ; the lime, when not taken away, being preferved, in 
(beds ereftrd for the purpofe, from the wet. The ufual 
mode of managing with them is, for the farmers to contraft 
for fome fort of meafure, according to the cuRom or prac- 
tice of the particular diRrii^l ; being careful that it is well 
burnt, and of a proper quality in other refpeds. The dif- 
ferences in the expence of burning will depend on the abun- 
dance or fcarcity of fuel, and the convenience of the Rone 
for carriage. 
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LIVERPOOL, a market town, bonmgh, and fea>port, 
in the cuuuiy palatine of Laiicailcr, England. It i« placed 
on the eaftem bank of the river Merfey, which flows into 
the Irifli fca, not far north of Liverpool. The population 
of this town, according to the parliamentary returns of 
i8oc, amounted to 77,653 perfons, who occupied 11,446 
houfes. 

The etymology of the word Liverpool is much involved 
in obfeurity, though many iogcnioui antiquaries have en> 
deavoured to afeertain it. Ine molt general opinion is, 
that it owes its origin to a fpecies of bird called the /nvr, 
great flocks of which are faid to have frequented a pool in 
this neighbourhood, during their wanderings from their na> 
tive climes. Accordingly a bird has, from time immemorial, 
been the imprelfion on the corporation feal. The early 
hiftory of this town is equally as luiknow’n as t^ derivation 
of its name. Fortunately, however, the deficiency of re- 
cords concerning it cannot be felt as a |^t lofs, as there 
fieems little reaton to fuppofe it was M any importance, 
either commercially or politically, previous to the com- 
mencement of the laft century ; hence it may he called a 
modem town. 


*' Yet fcarce an hundred annual rounds have run, 

Since firll the fabric of this power begun ; 

His noble waves inglorious, Merfey roll'd, 

Nor felt his waves by labouring art control’ll. 

Along his fides a few fmall cots were fpread, 

His finny brood their humble tenants fed.” 

Mount- Pleafant, a poem by Rofeoe. 

To the adive, perfevering, and liberal conduft of the 
author of thefe lines, Liverpool is materially indebted for 
its prefent increafe of buildings, commerce, &c. and it 
would tmve reflefled credit on the free burgefles of the 
town, had they continued to elefi him their member. 

In the Conqueror’s furvey, it is flated, that all the land 
between the rivers Ribble and Merfey belonged to Roger 
df PoiftiiTs 5 but there is no mention cither of a town or 
village. Hence it may be reafonably fuppoled none exifled 
at this time. A caflle, however, is noticed by Camden, w 
having been built fhortly after the conqueil, the command 
of which w'as bellowed on Vivian dc Molyneaux, a French- 
man, in whofe family it continued till the 30th year the 
reign of queen Elizabeth. 

Neither hiftory nor tradition determine any thing certain, 
either concerning its founder or the period in iiseredion. 
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The ^ower, which form* part of a prifon in Water-ftreet, is 
the only buildings of antiquity which Liverpool can now 
boaft of pofTeilin^. The original founder of this tower 
wc are as ignorant of as we arc of the founder of the caftle. 
Seacombcy in his Memoirs of the Stanley family, is the lirfl 
author who mentions it. He tells us, that it was the pro- 
perty of fir Thomas Latham, in the reign of Edward III., 
whole daughter and heirefs married lir John Stanley ; but 
fays nothing of its erection. The crofs which formerly 
flood at the corner of Pinfold lane, oppofite the Flafhcs, 
has been long demolifhed. This tradition reports to have 
been placed there in commemoration of St. Patrick, who, 
it is fsid, refted in this neighbourhood on his way from Eng- 
land to Ireland. 

The firft charter in favour of Liverpool, according to 
Enfield, who publiHied a hillory of Liverpool, was executed 
in the reign of Henry I., but tne accuracy of this ftatement 
is extremely doubtful. It is certain, however, that in the 
charter granted by king John in 1203, pearly a century 
afterwards, this town is called a borough by prefer iption. 
Henry III. confirmed the privileges <5 the corporation in 
the year 1227. From this period^ to 1555, wc are toully 
in the dark as to its hiftory or condition ; nor is there any 
thin^ worth remarking for the 16 years following, when 
the inhabitants fent a memorial to queen Elizabeth, praying 
relief from a fubfidy wliich her minifters had impofed upon 
them. In this petition they, fly le themfelvcs her ma- 
lefty’s poor decayed town pf Liverpool.” How the town 
became fo decayed,” it is now difficult to comprehend, 
as, from the records feveral years previous, it does not feem 
to have been any better than a fifhing hamlet, containing 
about 13S houfeholders and cotts^ers, and pofTeffing 12 
barks, navigated by 75 men. Camden, however, who 
wrote in 1586, confidered it in his time as more famous for 
its beauty and populoufnefs than for its antiquities. To 
reconcile thefe opppiite ftatements, it is only neceflary to 
admit, that a very trifling village may arrive at confiderable 
opulence in the fhort period of 21 years ; and who will deny 
the poffibility of fuch an event at the prefent day ? From 
Camden’s time nothing is recorded of Liverpool deferving of 
notice till the year 1644; when the town and its caftle 
were pofTefled oy the parliamentary troops, under colonel 
Moore. It was fortified and fecured on the land fide by a 
high mud walh and a ditch twelve yards wide and three deep. 
Batteries were erected at different points, and the ends of 
the ftreets were defended by artillery. The garrifon was 
numerous, and being well ftored with provifiona, made a 
moll vigorous defence for the fpace of a month. At laft, 
however, the king’s army, under the ordci s of prince Ru- 
pert, fucceeded in taking the town, when the caftle fur- 
rendered without further refiftance. Some traces of this 
fiegc can yet be difeovered at different points. When the 
foundation of the prefent infirmary was funk, the marks of 
trenches were diftinAly vifiblc, and many articles of modern 
warfare were found within their fcope. A few years ago, 
as fomc workmen were removing the earth in a field where 
Gloucefter-ftreet now ftands, they laid open the foundation 
of a battery, and difeovered military u ten fils of different 
kinds. From the time of the fiege till 1680, we have a 
tolerable account of the progrefs of the town in extent and 
population. After this period, however, we are again left 
sn obfeurity, and receive no authentic information on that 
bead till the year 1765, when we find a plan of the town 
made by Mr. John Eyes. About this time, fays Enfield, 
Liverpool contained about 4200 houfet, and 25,000 inha- 
bitants. It had, in the interval laft-mentioned, been con- 
a diftioQ pariib from that of WaHtoiij^ to which sti 
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church had formerly been only a dependent chapel. This 
event took place in i6<)8, when the inhabitants were like* 
wife authorifed to bui^d a fccond church. Thus emanci- 
pated from parochial fuhferviency, Liverpool began to dif- 
play its energies. In the fliort fpace of little more than 
half a century, 'this town, aided by a few favourable cir- 
cum fiances, has rifen to great commercial importance, and 
may be confidered to be next to the metropolis itfelf. She 
firlt rivalled, and latterly furpaffed, Briftol, which had long 
been confidered as the weftern emporium of trade. 

The following table exhibits the pr<^reffive increafe of 
the dock duties for feveral vears, and lerves to difplay the 
%’aft and rapid increafe of the commerce of the town. It 
Ihews the number of veffels that have been afTeffed in etch 
year, with the aggregate fum paid to the dock companies. 
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The boundaries of Liverpool extend confiderably beyond 
the town in different diredions. Thefe are marked out by 
ftones called by the inhabitants meer-ftones, and the ground 
contained within them is denominated the liberties. The 
extent of the liberties from eaft to weft, is fomewhat more 
than a mile and twb furlongs, and from north to fouth con- 
fiderably above two miles. This town exhibits, in general, 
the appearance of opulence and refinement. The ftreets 
are well paved, and^uring winter tolerably furnifhed with 
lamps^ Of late years it has received many great alterations 
and improvements, which ilill continue to proceed notwith- 
ftanding the preffnre of the times. In the year 1790^ it 
confided of 8865 houfes, but their number now is little 
fliort of i3,cx)0. 

Liverpool poffeffes fifteen churches belonging to the efta- 
blilhmcnt, fome of which are worthy the particular atten- 
tion of the ft ranger. Near the old church, which is dedi- 
cated to our l..ady and St. Nicholas, there formerly flood an 
image of the latter, to which the failors were accuftomed to 
make offerings on going to fea. This church has been 
lately rebuilt. The tower of St. Peter’s, which was eredled 
in 1704, is a wc)!-proportioned odlagon, each fide of the 
angles having a candlefiick and gilt vale reprefenting a fiaroe. 
This and St. NicfiolaG are the parifh churches, and nave two 
redlors over them. The church of St. George, built on 
the feite of the ancient caftle already mentioned, is a fine edi- 
fice of the Doric order, crowned with an attic wall, and 
adorned with a variety of vafes. On each fide is a terrace 
with receffes underneath. The interior is handfomely fitted 
up, the fronts of the gallcricb being mahogany. This is 
the mayor's chapel, where he attends every Sunday, and 
where pews are appropriated for the gentlemen, including 
ftrangers, who choofe to accompany nim. St. Thomas's 
church is of the Ionic order, and has a handfome appearance. 
It was confecrated in 17 Vo. St. Paul’s church was eredled 
by the tpwn in At the weft end is a portico with a 

peduacfttn having in the centrei on an 0 Aagonal bafri a dome 
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with a lanthorn, ball, and crofs. The interior is fupported 
by eight Ionic pillars. The altar is plain and neat. The 
chur^ dedicated to St. Ann, on the road to Everton, is a 
neat building of brick and ftone. It was ereded at the 
joint expence of two private gentlemen. It has a tower de- 
corated with pinnacles. St. John's church is a new building 
of ftone, with a tower. St. Mary's and the other churches 
have nothing conne-^ed with their ftruAures or appearances 
deferving of particular notice ; though ail of them are en- 
titled to be called neat. Befides the places of worfhip be- 
longing to the eftablifhment, there are a great number of 
diffenting meeting houfes, or chapels, for various deferiptions 
of religionills. 

The public edifices connected with the trade and com- 
merce of the town are, the exchange Buildings, town-hall 
and maiifion houTe, cutlom hotife, corn exchange, tobacco 
warehoufe, and other warehoufes. Of thefe the Liverpool 
exchange is the moft fpacious in plan, and ornamental 
in its exterior architedure. It has been erected by a fub- 
feription of 80,000/. raifed by 8oo transferable (hares. The 
buildings occupy three Tides of a quadrangle, having the 
town-hall on the fouth fide. The whole furrounds an area 
of 194 feet by 180. It has been built by John Forfter, 
efq. (archite^I, engineer, and dock mafter to the corpo- 
ration) from defigns by James Wyatt, efq. archite6I ; 
and is appropriated to a public exchange rooms, coffee 
rooms, and various offices. The town-hall, formerly called 
the exchange, is a large infulated pile of building, the 
greater part of which was eredled in 1750, from the de- 
figns of Wood of Bath. Tht whole of its interior was burnt 
in 1 79y. It was foon repaired, and appropriated to the ufe 
of the mayor, for offices belonging to the corporation, 
feifions rooms, 8 cc, 

The infirmary is another excellent bpildlng of brick orna- 
mented with ftone. This eftablifhment not only extends to 
all proper objc£^s within Liverpool, but to every perfon 
whom ficknefs or bodily misfortune may lead to apply, pro- 
vided they are recommended by a fubferiber. The feamen's 
hofpital forms a portion of the buildings of this infirmary, 
being attached to it hy a handfome colonnade. The blue- 
coat hofpital is placed in an airy fituation adjoining to St. 
Peter's church-yard. It is a large handfome building of 
brick ornamented with ftone. The number of perfons who 
annually receive the benefits of this charity are about 280. 
The expence of this inftitution is defrayed chiefly by bene- 
fadions. 

The poor-houfc is a handfome edifice, 90 feet long and 
24 broad, built in a plain ftyie, and in a manner very fuitable 
to its ule. On the caft fide of this ftru^ure is a handfome 
ftone building, called the “ recovery ward,'* where perfons 
infeded with fevers, and coming under the cognizance of 
phyficians and furgeons of the diCpenfary, are received. A 
variety of alms-houfes range out on both Tides of the poor- 
koufe. In Church-ftreet is the difpenfary, which is a very 

f ood brick building, with a large circular portico, and 
aving in front a nnall bas-reliet of the good Samaritan. 
This mftitotion is conduced by a prefident, two auditors, 
(even phyficians^ three furgeons, and one apothecary, who 
officiates as fecretary. Two phyficians and a furgeon at- 
tend every day at certain hours. About 10,000 perfons are 
faid to receive medicine and advice here annually. The 
Lonatic-afylum is contiguous to the infirmary, but, like 
moft other inftstutions of the kind, camot be called a com* 
plete charity, as patients are not admitted free of expence. 
At t^ entrance into the town, on the road leading from 
Prefect, ftands the fchoel of induftry for the indigent blind. 
The original projeftor was Mr. John Chriftie, who was htm« 
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fclf unfortunately deprived of his fight at the age of 19, 
In this fchool pupils are taught various trades, which enable 
many of them to make a comfortable provifion for life. 
Befides thefe charitable infiitutions there are a number of 
others, under different names, intended for the relief of dif- 
ferent deferiptions of perfons, which the limits of an article 
like this will not permit us to mention particularly. 

Liverpool abounds, as may be fuppofed from its g^at 
trade, with rooms appropriated for public correfpondence, 
and the tranfa£ling of bufinefs. The Atheneum, which 
comprifes a news-room, a library, 3ic. is fituated on the 
fouth fide of Church-itrect, and is a handfome building of 
ftone. The fubferibers to this inftitution, about 450 hi 
number, are fupplied with the London and provincial newf- 
papers, the (hipping and trade lifts, and various periodical 
publications. Every fubferiber is allowed the privilege of 
introducing his friend, provided he be a non-refident of the 
town. There alfo feveral more inftitutions of a fimilar kind 
in different parts of the town. Of thefe, the Lyceum is 
the (irft and moft worthy of attention. It is fituated at the 
bottom of Bold.ftreet, and is another remarkable in fiance of 
the munificence and public fpirit of Liverpool. An acade- 
my, for the encouragement of the fine arts, has recently 
been eftabhfhed in this town. The places of public amufe- 
ment are now little inferior to thofc in the metropolis. The 
theatre is a fpacious and commodious building, and but little 
inferior to that of Covent-garden in the extent of its ftage. 
It generally opens at the time the London houfes (hut; 
when many of the (irft performers refort to it. In Bold- 
ftreet ftands the Mufic-hall, which was opened in 1785* It 
is a large building, finifhed with great elegance. The new 
prifon, according to the Howardian plan for folitary con- 
finement, is on a very extenfive fcale, and has every poflible 
convenience. 

Liverpool abounds in docks for the fafety and repair of 
its numerous (hipping. The (irft dock was conftrudled here 
in 1710. Its feite was the pool, from which the to wm de- 
rived the latter portion of its name. This bafon of water 
is called the old dock, and is principally the receptacle of 
Weft India and African fliips, being contiguous to the w^are- 
houfes of the merchants engaged in thofe branches of com- 
merce. The King's dock is 290 yards in length, and 90 
wide. On the call fide of this dock ftands the tobacco 
warehoufe, where that article is lodged by the cuftom-houfe 
officers till the duties are paid. It was ereded by the cor* 
poration, and is rented by government at 500/. fer annum, 
St. George's dock was the third made in Liverpool. It is 
about 2 fo yards long, and 100 broad ; and is efteemed 
commodious. The largeft, laft conftru£Ied, and bell finilhed 
however of the Liverpool docks, is the Queen's dock, 
which is fituated at the bottom of Parliament-ftreet. Salt- 
houfe dock, which is the fecond oldcft of the whole, com- 
prifes an area of 21,928 fquare yards ; and has a length of 
quay of 640 yards. Befides thefb there are five graving 
docics, and three dry docks, independent of a fmaif one, 
which belongs to the earl of Bridgewater, for the ufe of th<J 
canal fiats. Some of thefe docks communicate, fo that (hips 
can pafs from one to the other, and into the graving docks, 
without being obliged to go into the river. All the wet 
docks are likewife conneaed by large tunnels, for the piir- 
pofe of one dock cleanfing or wafhing another. Wken 
large (hips loaded arrive at neap tides they are compelled 
to remain in the river till the flow of the fpring tides, as the 
dock gates have not depth of water fufficient to admit them. 
This circumftance is certainly a great inconvenience, but it 
is amply compenfated by the capacioiifneft and exedkat 
arrangement of the docks themfeivei* 
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The c\iftom.houfe is fituated at the eaft end of the old 
dock. It is built of brick, in rather a neat fiyle. A fmall 
flight of tteps leads to a piazza, over which is the long room, 
and behind it are extenfivc warehoufes. At the fouth end 
of the town is St. James’s walk, from which the fpeAator 
has a fine view of the town, the harbour, the river, the 
fea, and the Welfh mountains. Behind this lies an excel- 
lent quarry, the entrance of which is by a fubterrancous 
paffage, fupported by arches. Boolle-fprings, about four 
miles difiant from Liverpool, fiipply the town with water, 
which is conveyed by means of pipes. 

The pri ncipal manufafturcs are tliofe of china and earthen 
ware, the feveral branches of the watch making, and exten- 
fivc fait, iron, and copperas works. It is computed that 
about 3000 (hi; wrights are conftantly employed in the dif- 
ferent dock-yards of this town. The river, which is here 
about 1200 yards broad, abounds with falmon, cod, floun- 
ders, and turbot. Ships of any burden may come up to 
this town with perfed fafety, even at the lowcft tides. The 
accommodations for fea-bathing have, of late years, received 
vail improvements, and arc not perhaps inferior to any in 
the kingdom. 

Liverpool undoubtedly owes all her opulence and gran- 
deur to the fpirit and enterprife of her merchants. She 
exhibits, to the eye of the llatefman and pl\ilofopher, a dif- 
tinguifhed inllancc of the rapid progrefs of commercial 
great nefs. A century ago, a few coalling veffcls and petty 
traders farmed the whole of her wealth. For the firtt fifty 
years her advance was comparatively (low. After this pe- 
riod, however, the increafe of trade which '(he every year 
acquires, is truly aftonifliing. She (hares a portion of the 
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commerce of almoit every country in the world. Of late 
years, Liverpool has con(idcrably decrcafed,in common with 
that of all the other towns in the kingdom. What effeft 
the abolition of the (lave-trade may ultimately have upon 
Liverpool, it is not polTible to prognofticate. For the 
prefent, however, the mercantile houfcs, formerly engaged 
m that traffic, mull undoubtedly fuifer confiderable dif- 
ficulties before they can turn their capital and attention to 
ibme objed more honourable than the purebafe and fale of 
human beings. 

Independent of the advantages Liverpool pofTeffes for 
foreign commerce, it has communication with all the in- 
terior counties by canals. Thefe again, being joined by 
others at different points, extend themfelves to'^the Severn, 
to the Humber, and to the Thames; thus connefting the 
four principal trading ports in England. To the bene- 
ficial effeds of thele canals Liverpool has to attribute 
much of her prefent greatnefs. 

The markets of Liverpool are well fupplied with every 
oecefTary of life, and every article of luxury. About 3000 
cattle and (Keep arc brought into the town weekly. The 
market days are Wednefdnys and Saturdays. Liverpool 
fends two members to parliament. The number of eleflors 
amounts to above one thoufand. The corporation confifls 
of a mayor, two bailiffs, and a common -council. The 
mayor and bailiffs are afiilled by a recorder, a tbwn ^lerk, 
and other necelTary officers. The revenues of the town arc 
very great. Enfield’s Hlftory, &c. of Liverpool, Mie, A 
General and Deferiptive Hiftory of Liverpool, by Wallace, 

8 VO 1797. The Pifture of Liverpool, 1 2mo. 1805. Beau- 
ties of England, vol. ix. 
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LOCKj a well-known inftrument for fecuring doors and 
pfeventing them from being opened, except by means of 
the key adapted to it, A common lock confifts of a (Irong 
bolt, which mult be fitted in a proper box or cafe affixed 
to the door, and inclofing it on all fides, to defend it from 
violence, that it cannot be withdrawn, except by the appli- 
cation of the key, which fliould enter the lock by a linall 
key-hole, and be furrounded by numerous wards, that occa- 
fion the paffage the key paffes through, in turning round to 
move the bolt, to be very crooked and intricate, and thua- • 
preventing the intrf»dudion of any inltrument or falfe key 
to withdraA' the bolt. The third part of the lock is the 
tumbler, which is a catch or click holding the bolt from 
being withdrawn, except the tumbler is firll removed by the 
key, which is done at the lame lime it (hoots the bolt. This 
common lock cannot be made perfeftly fecure from being 
picked or opened without the right key, from the circum- 
ftance that the wards, though they may be varioufly difpofed, 
fo as to require a very crooked key, mull be always left fixed 
in the lock, and their figure may be taken by introducing 
a fmall falfe key, covered with wax or other plaftic fub- 
ftance, and receiving the impreffion of the wards, from which 
information a falfe or Ikeleton key may be madtv that will 
enter the lock and withdraw the bolt ; or, if it will only raife 
up the tumbler, the bolt may fometimes be forced back by 
other means. Another reafon of the infufficiency of the 
common lock is, that the variations capable of being made 
in the arrangement of the wards are not fufficient to pro- 
duce the required number of locks without having great 
numbers exadly alike, and their keys capable of opening 
each other reciprocally ; from which circumftance they be* 
come but an imperfed fecurity, as any ill-difpofed perfon 


may, by furnifliing himlelf with a great variety of old keys, 
be enabled to open almoft any common lock ; particularly 
if tfiefc keys are filed away to (keletons, that is, leaving as 
little as poffible of the folid part of the key, which will 
then have a greater chance of paffing in bctw'een the intri- 
cate wards. 

To produce a lock which w^ould be free from thefe objec- 
tions has been the (ludy of many ingenious mechanics, whofe 
various locks have different properties and advantages. We 
have devoted Plate XXI. Mifcellanyf to the explanation of 
two capital locks, one by Mr. Thomas Rowntrec, which i«> 
an improvement upon the common tumbler-lock, and an- 
other by Mr. Jofeph Bramah, which is on an entirely dif- 
ferent principle. 

Mr. Rowutree'slock is reprefented in Jigs* y, 6, 7, and 8 ; 
in thefe the following parts w thofe of the common lock : 
A A is the plate which in<‘lofc8 the whole rnechanifm, and 
fattens it to the door ; B B, Jig* 0, is the bolt, which is 
guided in its motion by Aiding under two bridges C, D, 
(crewed to the main plate ; E, E, arc four pillars v/hi( h fup- 
port a plate to cover the works : this pla'e lias the key-hole 
in it ; F, &c.are the circular wards furroundiiig the centre pin ; 
and a, Jig. 6, is the key which, in turning round, afts in a 
notch r in the bolr, and (hoots it forwards or backwards ; 
G is the tumbler : it is a plate lituated beneath the boIt>and 
moving on a centre pin at d. See alfo fg, 8, which is a fepa- 
rate view of the tumbler ; it has a catch c pruj^fling upwards 
from it, which enters the notches jf or 6, in the bol% 

and thus firmly ivtains the bolt ; the Former when it is 
locked, and the latter when it is drawn back. H is a fpring 
which prefl'cs the tumbler forwards ; the key in turn- 
ing round, firlt againfi the part c c of the tumbler, and 
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Taifes it fo aft to remove t\ic catch r from the notches f or jf, 
and then the key enicra the notch r in the bolt, and moves it* 

1 1I this, which is tlie common lock, it will be I'een there is no 
Ircurity, except what ariTes from the intricacy of the wards 
F furrounding the key ; for a falfe key, or any other inftru* 
ment which is of the fame length as /i, will, if it can pafs the 
wards, raife the tumbler and draw back the bolt. Mr. 
Rowhtree has, by applying an ingenious contrivance to thi# 
lock, rendered it fo fecure, that it will be nearly impolTible 
to pick or open it with any other than the true key. To 
the tumbler he has added a piece of metal 7 and 8, 

called its Jin^ hxed to it» low'er fide. When thejtumbler 
ift locked in the notches f, of the bolt, the fin applies 
itfelf to a duller of fmall wheels I, Jigs, 5 and 8, all fitted 
on one centre pin beneath the tumbler ; the edges of thefe 
wheels Hop the fin and prevent the tumbler being raifed ; 
but each wheel has a notch /, 8, cut in its circumference, 

and when they are all placed, io that every notch is turned 
to the fide oppofite the fin of the tumbler, and forming one 
notch through the whole chiftcr of wheels, then the fin is 
at liberty to enter this notch, allowing the tumbler to rife : 
but when the tumbler is down, and the plain edges of all or 
any of the wheels are prefcnicd to the fin, the tumbler can- 
not be raifed unlefs the wheels are firft put into the right 
pofition above-mentioned : tliis is done by a number of ie* 
vers 5 and 7, all centred on one pin at k. At the op- 

elite end each has a tooth m, entering a notch in the wheel 
elonginjg to it, fo that when any lever is preffed outwards 
it turns its wheel round. The levers are prefled towards the 
key by a fpring n applied to each, and in this Hate they rell 
againft a pin a fixed in the plate. The wheels are now dif- 
arranged completely, every one prefenting its plain cd^e to 
the fin, but every one requiring a different degree of motion 
to bring the notch round to the proper pofition. Wlien the 
key is introduced and turned round, it firtl operates upon 
the curved part p 5» of the levers K, and raiung 

them, turns sul the circles X at once into the proper pofition. 
The key, in turning farther round, operates on the part c r, 
Jig, 6, of the tumbler, now at liberty to move, and by raifing 
it releafcs the bolt, and in turning dill further round, it 
feizes the notch r of the bolt, as in Jig, 6, and fiiooti it. 
ITie key is cut into Heps of different lengths, as fliewn at 
V V, in fig. R : each ftep operates on its refpedlive fever K 
in a different degree, and turns its circle I the proper quan- 
tity. The notch at r upon the tumbler, and the plain 
part t moves the bolt. Iii this lock there is no polfibility of 
picking it, for tf all the levers except one were raifed the 
proper quantity, that one would detain the tumbler as effec- 
tually as the whole number ; and a falfe key, befides having 
the wards as R, muff have all the notches v, v, of the exa« 
depth, neither greater nor lefs, or it will not open the lock, 
even if one alone is incorreA. If the key is lofi:, when a 
new one it made, the maker takes out the levers K and cir- 
cles I, and arranging them in a new order, one upon the other, 
making the new key to fit the new arrangement, and then 
the old .key will not open the lock ; though none of the 
parts are altered, but only their arrangement. The fame 
may be done if it be fufpe^ed that an impreffion has been 
fraudently taken from the key to make a falfe one by. 

The locks invented by Mr. Jofeph Bramah difplay great 
ingenuity, and demand a particular defeription, having been in 
very general ufc for msftiy years pad, and greatly admired. He 
obtained a patent for his invention in 1784, and eftablifhed a 
manufactory of them, in which he employed a number of inge- 
nious tools and engines for the fabrication of the different 
parts. One of Mr. Bramah's fimpleft forms of a lock for a 
drawer, or for a door, is reprefented injffs# if '-*i 3* 4> 
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XXII. 'Mifieitanyf in which A reprefents tlie bolt, fitted to 
Aide on the metal plate B B C, by palling through a hole in the 
fide C, which is turned up, as /hewn in Jig, 3 : the othcrend 
of the bolt is guided by palTing under proper grooves in the 
lower fide of the circular box D D, which is icrewed to the 
plate B to confine the jbolt down. It contains the wliole me- 
chanifm of the lock, confifting of an interior cylinder or bar- 
rel E Effliewn in the feClion^. 3, with its appendages in per- 
fpeCtive in fg, 4. This barrel is lilted to turn round within the 
box D D, the upper end aa being received into a cavity exactly 
fitting it, and the middle encompaffed by a circular ring of Heel 
plate 3 ^, ferewed into the box as (hewn in 3, and one-half 
fiicwn at ktjig. 4. The ring enters a> circular groove formed 
round the barrel, and thus confines it frotn having any other 
motion than a rotation on its axis, and this only by the aid 
of the key R, as will be explained. The barrel has a hole 
through its centre, which is clofed at bottom by a circular 
plate F, ferewed to it, and fupporting the central pin G, 
which occupies the centre of the hole through the barrel : 
this centre pin guides the key in entering the lock. When 
the barrel E £ is turned round by the key, it fhoots the bolt 
A, by an ingenious contrivance, explained in Jig 2, an aper- 
ture being cut through the plate B B C to exhibit it. The 
plate F, on the lower end of the barrel £, has a pin f pro- 
jedling from it : this pin enters a curved opening, at a 
imall diHance from the centre, and therefore deferibes a cir* 
cle when the barrel is turned round, cut through the bolt A, 
as is (hewn by the dark curve F in Jig, a. In the pofiti^jn 
there (hewn the bolt is withdrawn, and the pin /, refiing 
againft the folid part of the groove, prevents the barrel being 
turned round any farther in the dire^lion from F to fi 
but by the applic^^rion of the key, the barrel may be turned 
in the other diredion from f to F, in which courfe it paffes 
round in a circular part of the groove, and therefore produces 
no motion of the bolt Ks until the pin f ftrikes the llraight 
partg of the groove, and afts againft it to throw the bolt 
fijrwards : and when the barrel has made a complete circuit, 
and the pin f is again come to the fame pofition it WaS at 
firft, the bolt is (hot out as at Jig. 1, and the pin is relUng 
in the hollow which prevents it moving any farther in the 
fame direftiun. When the barrel is turned back again, the pin 
J adls againft the notch i and the curved part h of the groove, 
and withdraws the bolt into the pofition of fg, 2 : now the 
pin /, either wdien the bolt is (hot out or in, is in a right 
line with the centre of the ban-el E, to which it is fixed, 
and the direction of the bolt’s motion. By this means, no 
force whatever applied to drive back the bolt can have the 
leaft tendency to turn the barrej round, and ftrain the me- 
chanifm which prevents its motion, unlefs the parts are firft put 
into a particular arrangement, by the application of the key. 
The interior niechanifm muft be explained by 4, in which 
/, w, n, reprefent fmall fteel Aiders, wdiich are fitted into 
proper grooves or Aits, made in the fubftance of the barrel 
E. Of thefe there are fix in number, arranged round the 
barrel, and proje6ling a little from its exterior furface in the 
fmall part. 1 nefe Aiders are received in notches y, », in the 
fixed llccl ring h 3 , before deferibed ; and thus effelftually 
detain the barrel at fix points from being turned round, ex- 
cept it is firft unlocked by tlic key R being introduced at 
the kcy-Iiolc H, and the Aiders preffed down by it, fo as to 
bring the notches (of which each Aider lias one, as at r 
fg, 4 ) all oppofite the A cel plate h h, and then the barrel 
may be turned round. Wlien ilie key is abfent, the Aiders 
are raifed up by a brafs ring v Aiding on the central pin Gt 
and lifted up by a fpiral fpn'ng nu. Ijie key has fix notches 
cut in the end of it, as (hewn at S, whicli is an end view : 
each notch In tlie key includes one of the fix Aiders /, m, n. 
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^nd the key, being forced down into the key-hole H, de- 
prelTes all the (lidera at once, until the projefting leaf / of 
the key ftop3 upon the bottom of the recew .v, cut in the 
tipper edge of the barrel. In this polition the Aiders are de- 
preAed, lo that the notch r made in each Aider comes 
exadly^ oppofitc the fteel ring h h, and the barrel is at liberty 
to turn round all the flid^jrs, being by this means removed, 
or at leaA relieved, from the fteel ring, which, as before 
mentioned, embraces a groove cut round the barrel, but 
which cannot turn round therein unlefs the Aiders are alfo 
moved by the key, that the notches cut in them coincide 
with the groove cut round the barrel, and then it can turn 
freely round. The key, having thus relieved the barrel by be- 
ing thruft in as far as it can go, obtains a hold of the barrelto 
turn it round, by the leaf t entering the recefs x, which it 
exaAly fills up, fo as to form a continuation of the cir- 
cular top of the barrel : but as foon as the key is turned 
round with the barrel a fmall quantity, its leaf is caught be- 
neath the circular cavity in the top of the box D, and 
thus the key is prevented from being thrown out by the 
fpiral fpring w, until it has been turned quite round, and 
locked or unlocked the bolt : then the leaf or the key coming 
oppofite the enlargement f.g. i, of the key-hole H, the 
fpring throws the key out and raifes all the Aiders, that they 
may interlock with the fteel plate h bf and prevent the barrel 
from turning, unlefs the key is again put in, (its leaf b(‘ing 
oppofite the aperture a of the key-hole,) and being thruft 
forwards as far as it will go, the barrel will turn round very 
cafily ; and when it has made a complete circuit, the lock is 
opened, and the key thrown out of the key-hole by the 
fpring. 

The fecurity of this ingenious lock from being picked, or 
opened by a falfe key, depends upon a circumftance not 
yet mentioned, which is, that the notches in the fix Aiders are 
fo made, that every one requires to be depreAed a different 
quantity to bring them all at once oppofite the fteel ring, in 
which pofition alone the barrel can be moved. For this reafon 
the fix notches in the key are all of differont depths, corre- 
fpondent to the pofitions of the notches in their refpedlive 
Aiders ; and unlefs each notch in the key is of the proper 
depth, the lock cannot be opened, for any one being too 
deep, that Aider will not be prefled low enough to relieve 
the barrel, and wull hold it faft, though all the others may 
be correfl ; on the other hand, any notch not being of fufE- 
cient depth, the Aider it ads upon will be prefled too far, 
and in this cafe the notch in it, having pafled by the fteel ring, 
will lock the barrel as cffedually as though it was not hr 
enough. Thus this lock admits of an immenfe number of com- 
binations ; I ft, in the number of the Aiders ; idly, the depths 
of the different notches in the key ; and 3 dly, the arrange- 
ment of thefe Aiders. The combination of thefe three changes 
admits fuch an immenfe number of varieties of locks, that it 
never need happen that two locks Aiould be made to open by 
the fame key. Any of Mr. Bramah’s locks may be arranged 
fo as to require a new and different key in cafe the original 
Aiould be loft or ftolen : for this purpofe the lock mull be 
opened, and the Aiders taken out and changed into different 
grooves : a new key mull now be made, with the grooves of 
the fame depth of the original key, but arranged in a dif- 
ferent order, correfponding with the new arrangement of 
the Aiders. The old key will not now open the lock. 

To pick a lock of this kind is per}iaps impoflible ; becaufe, 
though the Aiders are expofed to tlie examination of any per- 
fon, yet no information can be obtained of the d^tli of each 
of the Aiders required to be depreffed j for, unlefs they 
are all together preffed down, the barrel cannot be turned 
in the leaft, and without turning it, no guefa can be made 


LOCK 

by prelfing down any one Aider of tlie depth at which the 
notch in it will be oppofite the fteel ring. Another great ad- 
vantage of thefe locks is, that from the circumftance before 
explained, of the bolt having no adlion to turn the barrel, 
though the barret has a great power to fhoot the bolt, a 
ttrong lock may have but a very fmall key. Forinftance, the 
bolt of the lock, in the plate which is drawn its i^ll fizc, 
is of great ftrength, while the key R is fo fmall, that it 
may always be carried fufpended to the watch chain, and 
then it will not be in danger of being loft or miAaid, as one 
may happen to lofe a key, and give opportunity for ill 
difpofed perfons to make a falfe key from it, unknown to 
the owner. 

A lock invented by Mr. StanA>ury, an American gentle- 
man, has great merit. To explain it, we mull fuppofe that a 
flat circular plate is fitted to turn round upon the centre pin 
for the key, and that this plate, when turned rourd, Aioots 
the bolt, which may be done by various means. The lock- 
ing part coiififts of four, fix, or more fmall fteel pins, 
which are receuved in holes made very near each other, 
through both the circular turning plate, and the fixed plate 
beneath it. By thefe pins the circular plate is held fall 
from turning. The key has the fame number of pin?, 
and arranged in the fame pofition and dillance as the 
pins in the plate. The key being introduced, it is preffed 
forwards againil the circular plate, and turned round till the 
pins in it come over the pins in the circular plate, and the 
preffureof the hand forces the pins out of the circular plate, 
the pins in the key occupying the place of them. The 
plate is now relieved, and the Key has hold of the plate to 
turn it round and open the lock. Each pin is provided with a 
fpring behind the fixed plate to force it forwards. The 
difficulty of making a falfe key to this lock is very great ; 
as any error in the number, fizc, pofition, or length of the 
pins, will prevent it from opening the lock. To avoid 
the danger of impreflions being taken, many marks are 
ftamped upon the circular plate, which are exa^lly the fame 
at the marks of the real pins ; thus an imprefiion taken from 
it would only miAead. 

Mr. StanA)ury has alfo made an ingenious improvement 
upon the common fpring door-lock. The handle which opens 
the fpring catch for faftening the door, inftead of requiring 
to be turned round, is made fo that it withdraws the fpring 
catch, by puAiing the handle on pne fide of the door and 
pulling it on the other. This method is extremely conve- 
nient ; for prelling the handle releafes the lock, and conti- 
nuing the preffure opens the door, and pulling the handle on 
the other fide has the fame effed. A perfon with his hands 
full may open fuch a door by only leaning againft the 
handle. 

Lock, or in Inland Navigation^ the general name 

for all thofe works of wood and ftone, made to confine and 
raife the water of a river ; the banks alfo which are made to 
divert the courfe of the river j are called by thefe names in 
fome places. But the term locky or found-hch^ is more parti- 
cularly appropriated to exprefs a contrivance, confi (ling of two 
gates, or pairs of gates, called the lock-gates, and a cham- 
ber between, in which the water may be made to coincide 
with the upper or lower canal, according as the upper or 
lower gates communicating with it are opened ; by which 
means boats are raifed or depreffed from one level or reach of 
a canal to another. See PlateV, Canals. 

Lock of Waters is the meafure ecjual to the content of 
the chamber of the locks, by which the confumptiou of 
water on a canal is eftimated. 

LocK-irr/^r, a perfon who attends the locks to take 
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c»Tt o{ theiiii and ta aflift the boatmen in pai&ng through 
them. 

are the fmall fluices that fcrve to fill and 
empty the locks. 

LocK^/xare the angular pieces of timber, {b^ Plate V. 
Canaltffg- 36.) at the bottom of the lock, againft which 


the gates (hut. l • i‘ l 

LocK-wxirx» or PadJIe-vmrtt are the over-falls behind the 
upper gates, (a, a, PlateV^fg^ 3?*) by which the wafte- 
water of the upper pound is let down through the paddle- 
holes into the chamber of the lock. 



Lode 


LODE, in Mining. This word is derived from the Anglo- 
Saxon, according to Dr, Pryce, and is ufed by the Cornilh 
miners to defignate any regular vein, whether metallic or 
not. More commonly « however, it means a nv?tallic vein. 

The lodes that are found to contain tin and copper ores, 
in Cornwall and Devon, have their general direflion in a line 
running nearly eaft and weft ; their dip or underlay being 
more commonly to the north ; though tome which incline to 
the fouth have been very prodiiftive. Veins which interfeft 
the eaft and weft lodes are, called cro/sdodes^ or crofs-courfest 
w^hen their direftion is nearly at right angles with the others y 
and r^«///rr/, more generally, when their direflion is oblique. 

The metallic eaft and weft lodes arc traverled or diiturbed 
by the crofs-courfes, and thefe interruptions are known by 
the name of heavesf which take place to very different de* 
grees of extent, and vary much in the circumftanccs under 
which thev arc found ; fo that minerj do not agree upon any 
certain rules for determining the dittance or direftion of the 


heave by the accompanying appearances. 

Though copper and tin are found but partially in crofs- 
lodes, yet lead has been raifed in large quantities from fome 
that have nearly a due north and fouth courfe ; fuch as the 
Becralilunt lead-mines aud WIteal lietfy lead-mine in Devon. 
Eaft and weft Jodes have fometimes a mixture of lead orea 
with copper j but this appears to be derived from the inters 
fertion of a crofs-courie, the cIIqA of a later dci)ofit. 
Lodes traverfe all kinds of rock ft^und in the line of their 
diredhon, whether vertically or horizontally, Thofe woiked 
in Cornwall and Devon are chiefly in killas or grauwacke 
flatc ; but they arc fometimei in granite, and pais not ua* 
frcmiewtly from the former into the latter.. 

The width of veins varies from an inch or two to fifteen 
or iwcnty feet ; the latter dime nfioii being rare, as the 
former is unprofitable to follow, unlefs in the expeaation of 
an enlargement, 'fhe more common width, or, at the 
miners call iti thejlze of lodes^ is from two to four leet } and 
it fudi a vein as this be fully i mpregnated wilt metal, it i$ 
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▼cry profitable to work» and ia called a good etiurfe of ore* 
Tlie variations of width take place not only in diftinft veins, 
but in one and the fame ; which, together with the fluctua- 
tions in the nature of their contents, render their produce fo 
uncertain, A large and productive lode often dwindles to 
a mere branch^ requiring an experienced eye to diilinguifli it 
from the rock through which it paflfes ; and this again ex- 
ands to a confiderable fize, filled with dcpofits of various 
inds* The width of lodes feems often to have a relation 
to the nature of the rock in which they arc found; and 
changes in the latter appear generally to produce changes in 
the former. Thus, a vein that is large and productive in 
foft blue killas, will, by pafling into harder, become Icfs in 
fizc, and barren as to metallic contents. Another lode may 
be rich in hard ground, but poor and unproductive in that 
which is of a foftor kind ; but this is not fo frequent as the 
former cafe. The depolits of metal are as irregular in the 
lodes as the widths of them ; and fo much fo, as to render 
the profits of mining proverbially uncertain. Ore is gene- 
rally found to occupy certain parts of the veins c>nly, dif- 
fering conftantly in extent, whether the length or douth on 
the courfe of the vein be confidcred, or the portion of its 
width \\hich is filled up by it. No lode has been found re- 
gularly impregnated vrith metal to any great extent ; and 
therefore, when ore is found, it is in what the miners aptly 
call bunches or Jhoots, The unproductive parts of veins, 
even in the moil profitable mines, generally far exceed in 
extent the produClive parts ; but that mine is confidered to 
be rich, which has either frequent or extenfive fhoots of ore : 
the great art of the miner, therefore, confifts in tracing 
and working the valuable accumulations of the metals with 
as little walle of labour and expence on the poorer ground 
as pofllble. 

Although the bunches of ore have no regular form in their 
vertical or horizontal extent, yet the tendency to a certain 
direction or dip in the lode may be obfer.ved in each bunch 
or fhoot of ore. Thefe fhoots are frequently parallel in the 
fame vein ; and where the dip or underlay of the lode is to 
the north, the fhoots of ore may frequently be obferv^ to 
dip weft in the lode. In veins underlaying fouth, the 
bunches of ore frequently have their dip to the eaft i but 
this is not to be taken as a general rule, as many mines af- 
ford exceptions to it ; the underlay of the lode and the dip 
of the bunches of ore being reverfed. 

I'hefe tendencies or inclinations of the depofits ^ metal 
in the veins, conneCled with the fituationo, dips, and beatings 
of the veins themfelves, feem to offer grounds for argument 
on the difputed quell ion of the mode in which the metals 
w^cre depoll ted ; but they have not much, we believe, at- 
traded the notice of mineralogifts. 

Lodes continue to indefinite lengths, and to unknown 
depths. It is very difficult to determine whether the end of 
any regular vein has been found or not ; as there are many 
inftances of their having become fo fmall as to be fcarcely 
vilible, and yet afterwards, on purfuing them, to have re- 
fumed their ufnal fize. When a lode has continued fmall, 
cither in length or depth, to any confiderable extent, it is 
moreover ufually abandoned as unpromiftng ; and thus com- 
plete evidence as to this quellion is not obtained. 

Lodes ai-e perfect in the furface of the mountains, as well 
as in their greater depths ; and may be traced uniformly by 
removing the foil with which the rock is covered. This is 
done conftantly by the miner when he is about to undertake 
operations upon a newly difeovered vein. This procefs is 
called cfleening^ or Jboding* The width of a lode at the 
furface is no certain indication of its fize in depth : as, when 
large at the furfacej they are fometimes found to become 


fmall as they are purfued downwards $ and, on the other 
hand, veins of modlerate width ai grafs have been found, at 
40 or 50 fathoms deep, of great fize. 

The dip or inclination of lodes is feldom uniform. The 
common underlay is from one to four feet in a fathom of 
depth ; but inftances occur of a much greater inclination. 
The lodes that incline much from the perpendicular are not 
efteemed fo promifing as thofe which have a dire^lion more 
downright ; and it is a favourable fymptom when a lode, 
from an oblique diredlion, is found to turn downwards. On 
the contrary, where bunches of ore failf or become poor, in 
finking on them, it may often be obferved that the vein goes 
awayJHatf as miners exprefs it. Thus it will be underftood, 
that not only are the dips different in feparate lodes,* but 
that the fame vein frequently varies in this refpe^l. Lodes 
have been obferved to change their underlay, that is, frort\ 
dipping to the north, to become perpendicular, and even 
turn to the fouth. This is not, however, a matter of fre- 
quent occurrence. 

The underlay of lodes mu ft be afeertained, when it is in- 
tended to fink perpendicular fhafts to meet them at certain 
required depths ; and from this is determined the diftance to 
be fet out north or fouth from the back of the vein, for com- 
mencing fuch fhafts. 

Shafts are often funk upon the lodes, and of courfe thefe 
are not perpendicular, but have the fame inclination as the 
veins. 

Levels driven from the fhafts, are carried on in the fub- 
ftance of the lode, follow its dircdlion, and are the prin- 
cipal means by which difeoveries of ore are made and pur- 
fued. 

The principal methods by which lodes are difeovered are 
the two. following : i. By removing the foil covering the 
furface of the rock, by which the back of the vein is laid 
bare, and expofed to view. This may happen accidentally^ 
in the formation of roads, ditches, and fo on ; or, as is more 
ufual, it may be done for tjie exprefs purpofe of difeovery, 
in confequcnce of indications of veins being near at hand, 
fuch as detached fragments being found, or fprings of water 
impregnated with metal being obferved. This procefs is 
conduced by finking trenches, or pits, deep enough to 
reach the furface of the rock, called by miners the Jh^ $ 
which trenches are called Jhoding pits, or eojleening pits* The 
detached fragments, warned from the backs of lodes, are 
ufually called Jbodes, ®r Jhodeflones* 

The fecond mode of difeovering veins is by levels, or 
horizontal cuts, driven under ground, which in their pro- 
grefs through the rock, or, as the miners fay, acrofs the 
country, interfeft and expofe lodes before unknown. Such 
levels mull have a dircftion acrofs the ufual courfe of the 
lodes, and are either condu£led for the exprefs purpofe of 
finding new veins, or for fomc other obje£l ; and then may 
occafionally be the means of valuable refults of this fort. 

Many rich' mines have been opened, in confequence of a 
difeovery made by carrying on an adic, or by driving a crofs 
level from a fliaft, or from one lode to another known to be 
parallel to it. The pra^lice of driving adits for the pur- 
pofe of difeovery is more frequent than it iifed to be. The 
Taviilock canal has a long tunnel driving through a hill, 
deftined principally for this purpofe, and which has already 
been attended with very great fuccefs. 

Lodes feldom contain ore near the furface of the ground : 
it is, therefore, an effential quality in a miner’s judgment 
to decide on the indications prefented by them, and \o de- 
termine the amount of ri(k which their appearances will war- 
rant on a further trial. 

There are niceties in this bufinefs which cannot be de- 
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fcribed, but mud be fccn and (ludicd to be underftood, and 
with winch fkilful miners are converfant ; but the mod ex- 
perienced is liable to have his predi(5lion8 fallificd by the 
flu6luaUng nature of thefe hidden receptacles of various 
matter. 

The indications moll depended on, in forming a judg- 
ment of the value of a lode, are derived from coniidering the 
following circumftances : 

1. The nature of the fiibftances contained in the vein. 

2. The kind of rock in which it is found. 

3. The width and regularity of the vein, conlidering, at 
the fame time, its dire^lion and dip. 

4. The ftrufturc of the vein, fuch as the being open and 
pervious to water, or, on the contrary, hard and clofe. 

Thefe fymptoms may be, on the whole, conlidered as per- 
taining to veins containing all kinds of metalo, tliough vary- 
ing in forne in a certain degree : thus a hard clofe lode may 
be favourable for tin, though not fo for copper or lead. 

When a vein is found exhibiting all or moil of the ap- 
pearances which experience has determined to belong to 
thofe which are produdlive, it is called a ktticJIy lode^ and is 
generally purfued with vigour, and at an expence propor- 
tioned to the prevalence and continuance of the favourable 
fymptoms. 

We (hall endeavour to confidcr the principal indications, 
according to the order above Hated, and point out the lead- 
ing fads to be obferved in this important branch of a miner’s 
buiinefs. 

I. Of the nature of the fuhjlances contained in the vein. 

Thefe fubftances vary according to the depth to which 
the lode is opened ; thofe near the fui face being generally 
different from the contents of the vein deeper under 
ground. 

The iirll thing for which n miner looks is what in Cornwall 
is called ^ofan. This fubllance does not appear to have been 
very accurately deferibed, but is apparently a decompofed 
mineral of an iron-ochre colour, varying from yellow to 
brown-red and chocolate-brown. It is of a fpongy, cel- 
hilar texture, of little fpecific gravity, and is generally foft 
and friable. It is probably the refult of the decompofition 
of pyrites or mundic, together with quartz, and contains a 
confiderablc portion of iron, and not unfrequently a mixture 
of tin and copper ores. When thefe latter arc prefent in 
the combination, it ia a mod favourable fymptom ; but even 
without them, goffan on the back of a lode warrants a trial 
to a certain extent. It can by no means be afl'erted, that 
the mod proinillng golTaiis have always been followed by 
ore, on a further purfuit ; but perhaps th'rre is hardly an 
in dance of a lode rich in* ore, which has not a bunch of 
kindly gojfan fomewhere on the back. 

The next fubllance, proceeding in depth, upon which re- 
liance may be placed, is mundic^ including in this name 
pyrites of all kinds, whether arfenical or fulphuretted, con- 
taining iron or copper, Mundic is found at all depths and 
iiv all fituations in veins : it frequently furrounds bunches of 
copper ore, and is therefore a favourable fymptom, as they 
are apparoached ; and indicates their decline, when palled 
through on the other fide. It fliould, however, be rccok 
lc6led, that mundic is very generally found, and therefore it 
mud not be depended on by itfelf. 

The earthy fuhdanccs, which are edeemed favourable to 
the exidence of valuable mctallsc ores, are principally quartz, 
going under the general name of fpar ; a kind of clay called 
Jlookan ; and, what is not very abundant, Jluor^ didinguiihed 
by the appellation of bandied fpar* 

The fird and the chief ingredient in veins, quartz, is 
.kindlyi whtn it is in a loofe friable form, often, cry dalliiicd, 
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and cementing detached fragments of killai and the other 
fubdances before enumerated. It is unpromding wdien in 
a clofe amorphous form, and is then termed a Jharp hungry 
fpar. 

The floolan, or clay, frencrnlly forms a brarch or vein on 
one of the walls of the lode, aud Teems to be the divifion 
between that and the rock containing it. 

The decompodtion of the adjoining drata feems to have 
been the origin of this fubllance, which is called by fome 
foreign writers the faalhande. 

Beddes fluor, on which miners are nnt well agreed as to 
its promiling afpcdl, and which is not often found in quan- 
tity, arc fome other iTiiner.ils, likt'wife of not very frequent 
occurrence, but edeemed favourable ; fuih as prian, a kind 
of decompofed quartz, and ptaih or chloi itc. 

Hi*hcrto we have faid nothing of the judgment formed 
by ores found in a lode ; it depends upon the following cir- 
cumdances ; 

1. The fit nation, whether Hiallow or deep, 

2. The mode of depofit, whether flightly fprinkled 
through the lode, or forming flioots or bunche'^of large or 
fmall extent. 

3. The quality of the ore. 

Under the find head, moll miners agree that, as to cop- 
per lodes, rich bunches of ore found near the furface are not 
to be depended on as Ihewing that a mine will be very pro- 
ductive ; it having often been found that fuch depofits have 
been followed by poverty at a greater depth. Tin and lead 
are found nearer the furface than copper. When a lode is 
fpotted with fmall quantities of ore, and the other fubftanccs 
are kindly, fuch as the goffan and fpar, the appearance is 
promiling ; but when the lode is hard, and in other ivfpcdts 
unkindly, then fmall llrings of ore are not to be reckoned on 
as particularly favourable. After a certain depth, a regular 
branch, or, as it is called, a leader of ore of any width, oc- 
cupying part of a good-lized vein, and increafmg or even 
lijudiuatiiig in lize as it is purfued, is on the whole the bell 
fymptom, particularly if connci^led wnth favourable accom- 
panying fubftanccs. 

Under the head of quality of the ore as an indication of 
future profperity to a mine, it mull be remarked that no- 
thii:g requires to be received with greater caution than pro- 
mifes of fuccefs fuppollcl to I^e derived from the riclinefs of 
individual fpecimeirs. We are I'peaking now more parti- 
cvJarly of copper lodes. Few, we believe, of the moll 
profitable mines pi'oduce much ore of the richer varieties, 
which indeed is feldorn found to occupy veins of conlider- 
able width : on the contrary, moll of the belt mines are 
thofe which yield ore in large quantities, but poorer in me- 
tallic content. This obfervatiun has been like wife made on 
the filver mines of South America, according to the account 
of Humboldt. Copper ores are found in a greater variety 
of fpecies near live furface than they are in depth; and 
therefore the miner’s experience only will ferve to diferi- 
minate perfedly on tliis point ; but we vvilh to put all who 
are concerned in mining on their guard againft a fallacious 
hope, too frequently excited by the allay of a Hone of ore, 
which in reality often predicts the very reverfe of what it is 
Hated to do by the artful or ignorant. 

II. The fecond indication to be attended to, in eftimating 
the profpcdl of fuccefs on a particular vein, has been ftated 
to be Z/6# kind of rock in nvhich it is found. 

It is unnecellary here to go into a voluminous account of 
rocks, becaufe the great mines of England, as well as of 
the world, being found in fuch mountains as are conjectured 
to lo of very early formation, do not admit the varieties in 
this refpe£l> which fome, who are acquainted only with 
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oHier diftrifts, where probably a later formation has ex- 
hibited different phenomena, might conjedture. 

Lead-mines, indeed, exift in many parts of England, in 
various rock, and under various circuinftances ; but no ge- 
neral rules of mining can he formed from depofits of a metal, 
which appears to have taken its place at a period compara- 
tively late. Such rules can only be applicable to feparate 
didridis, where the circum (lances attcTiding the depolits are 
£milar. 

There are two general clafTes of rock which claim the 
didinclion of metalliferous above all others. Thefe are the 
lillas of the Cornifh miner, or grauwacke or tranfition flatc 
of Werner ; and granitic rocks, including porphyry, gneifs, 
and other vririctieii, known in Cornwall by the general name 
of jrrcVr'dfl, 

Of thefe the great majority of mines are in killas, or grau- 
wacke, not only in Cornwall and Devon, but in Scotland, 
in the Hartz, in the Saxon Erzgebirge, on the Rhine, in 
I3f)hemia, Sitefia, Moravia, Salzburg, and other dillriCts im- 
portant for their mineral products. 

Granitic rocks are not fo metalliferous as the kil/ajy but 
produdfive veins are found in them ; and, as Dr. Berger has 
well obierved in his account of Devo^n and Cornwall, in the 
firll volume of the IVanfadlions of the Geological Society, 
tiven the killas is not a depot of metallic veins to any extent, 
but near its jundlion with the granite; and tliis oltfervation 
Lad been made, as he fays, by baron Born and Ferber on 
the mines of the contine^^ 

This fadl of mod mines being in one prevailing rock, 
would feem to fimplify the exercifc of judgment in a miner 
fpcculating on the effedf of the rock upon the contents of a 
lode. But though killas is fo iinivcrfal, it is far from being 
all alike ; on the contrary, it confdls of many varieties. 
Tliele varieties do not alternate according to certain rules, 
like the beds of fecondary rocks ; but exhibit changes in 
portion and extent, more or lolvS frequent, and moft uncer- 
tain and capricious. 

Tlic varieties of killas, which are elleemed the moll' kindly 
for copper, are the blue and the wlnte, more efpecially if of 
a tender, flaty texture. Tin often is found in abundamce in 
harder killas, more irregulir in its drudture, and of a darker 
colour, indicating the prefence of iron. l^raCiicc alone can 
enable mcii to judge of the (hades of diHercnce in thcfc re- 
fpe6is, which long experience has pointed out as eflenUal to 
be attended to : and even then, allowance mull hv made for 
•exceptions which frequently occur; rules which feem to 
hold good, when applied to one mine, being olten inap- 
plicable to another, 

111. The third thing to be confidered is The wUtt and 
regular} ty of the *nemf and its direction and dip* 

Theie are important circiimiiances. If the lode be fmall, 
it cannot be cxpedled that abundant depolits of metal can be 
found { and if it has not. the characters belonging to a re- 
gular fifTiire, it is probable that the miner will foon he dif- 
appointed, by finding it dwindle to a trifling branch, or 
•fplit into feveiai infigntficant ramifications. 

Every large and produaive lode is accompanied by other 
veins running parallel to it, or nearly fo,^ which often fall 
into the mam lode, and generally enrich it by their, junc- 

€ion. - 

I'hefe muft be carefully attended to, and fought after, as 
4he changes that they produce arc often mofl important, 
and the quantity of ore which they yield is frequently very 
great. It has indeed been aflerted, that there ts hardly a 
snine working on a fingle vein cutly> which has been profitable 
to any great degree. r *, r • j 

The diredion of the lode Ihould be carefully afeertamed ; 
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bccaufc certain ores are only found in veins which have their 
courfe in common with others having fimilar depolits in the 
diftri^l. 

Thus the writer of tlie prefent article has obferved tliat 
copper and tin, in Cornwall, muft only be expc^^cd in lodes 
running eaft and weft ; while lead is raifed from fucli as 
have a direction at right angles to them, or from north to 
fouth. 

The more ufiial dip or underlay, in copper mines parti- 
cularly, is to the north; but fume lodes that underlay to 
the fouth have been very producElive. In cither cafc> it is 
ro favourable fymptom to find the inclination from ibe per- 
pendicular to be great ; and it may be laid to be lo, if it 
exceed four feet in the fathom. 

When a lode often fplits or dividefi iido two or more 
branches, it is fiibjcdt to flud nation in its produce ; ai.d 
thefe occurrences are important to be noticed with atten- 
tion, as they afford prognoilics as to the future fuccefs ot 
working. 

IV. The fourth and laft head, under which we have ar- 
ranged the appearances of produdive lodes, is that relating 
lo J'he JU'utlure of the •ueiti^ whether opm or porous ^ and thus 
pervious to wafer ; or^ on the other hiindy detije and cloje^ and 
confequt ntiy dry . 

Ail m^incrs agree in this, that water being found to be 
abundant in a lode is an omen of a very favourable riatifre ; 
and It is ofteii confidently allerted, that no large returns of 
ore have been made from dry veins. As far as the ex- 
perience oFthe writer of this article goes, it ferves to confirm 
the ohfervation. 

Water, indeed, may be found pafling freely through crofs- 
courfes, and other veins, from which metallic depolits are 
abfent ; but then fuch veins will be found to have all the 
charaders which are adduced as proofs of a later forma- 
tion, and arc therefore ealily diltinguifhed from metallic 
vein?. 

Earge lodes a£l as natural underdrains, and are channels 
through which water percolates ; fo tlint the rock lying on 
cither fide may often be funk upon with but little inter- 
ruption from water until the vein is cut into, and then 
abundant ilreams flow out, and would put an end to fur- 
ther labour, if it were not for the aid of proper engines to 
get rid of it. 

The quantity of water will of courfe be, in tome degree, 
proportioned to the extent of the wide and porous parts of 
the lode ; and, as it is from thefe parts only that much ore 
can be expected, the water forms in the fir ft inltance a 
pretty good prognolhq. 

If, ill driving upon the courfe of a fmall, clofe, and un- 
productive lode, a llrcam of water be fuddcnly met with, it 
indicates the approach to an enlargement in the vein, and is 
a moil favourable fymptom ; and it is, in point of fa£l, al- 
moft alwayv <>blervi'd befoie a good courfe of ore is feen. 

The mines of Devon and Cornwall abound with water in 
a much greater degree tJian perh<ips any others ; and as 
evidence of tins, we may adduce the number of vaft lleam- 
enginefi and overlhot wa;er-whecls employed for the foie 
purpofe of draining them. Wi" believe, like^^ife, that whciT 
the quantities of ores raifed in this diltrift be compared 
with ihofe of any other which yield them fnim true vehiSf 
they will be found abundant in tlie fame proportion. 

Under the head of the inrernal ftniflure of lodes may be 
noticed the cavities, called by the Germans drufest and by 
the Cornilh miners voogs : thefe are obferved molt frequently 
in large veins, and in fuch, of courfe. alfill in tlie paftage 
of water, and may be clafled in the fame place as a favour- 
able Indicatibn. In thefe voogs are found ail the varktiei 
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•f cryllals ; and thus the prefence of thefe in a lode is like* 
wife confidered promifing, more particularly where obfem* 
tions are made on a vein at no great depth : for as the mine 
^comes deeper the lode often becomes more compadi and 
the miner calculates upon finding of on. 

In connexion with this part of the fubjed, the maUt 
which enclofe the vein are not to be difregarded, when the 
lode itfrlf is confidered, as they fhould be found to be well 
determined, fmooth, and regular. The rock of which they 
are formed Ihould be of the hard fchift called by miners 
capcl; and if penetrated with traces of ore, it may be con* 
fidercd as a fymptom of large depofits. On each fide of 
the walls, which ufually differ fomewhat from the ad* 
joining rock, as if altered by the prefence of the vein, the 


LODE 

ftrata may generally be oWerved to be twilled or bent 
downwards, in a flight degree towards the lode, wliich is 
in general confidered to be more the cafe near large veins 
than near thofe which are fmaller. 

Having now detailed the principal charaderiftics of lodes, 
as important to the pradlical miner, deferibed the modes of 
difcQvrring them, and the fymptoms by which a judgment 
is formed of their contents, as far as relates to working 
them for the metals ; we leave the confideration of them, in 
a geological point of view, for the article Vsis. The 
operations of working upon them will be deferibed under the 
head of Mining, and under that of Ork. 

Lode, in Rur<d Emom, a provincial term applied to 
fiEmifv ford, in fome dillrias. 
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LOGWOOD, in Botany, the wood of a tree j for the bo* 
tanical charadlers of which, fee H.t-:matoxyli m. The 
wood of this tree is brought in logs of about three feet in 
length, to .Euroi>e, where it i^ ufed for dyeing purples, and 
for the finoit blacks 5 and therefore it is a very valuable 
commodity. 

The ufc of logwood in dyeing was eftablifhed in thii 
country by 13 k 14 Car. II. cap. ii. before which time 
it was prohibited as a pernicious material. A confiderible 
part of the foluble portion of the wood is taken up both 
by water and alcohol, but much more by the latter, and 
ihefe menftrua beco nc tinged by it of a deep purple-red or 
brown. If acids be added to the watery decodtiooi it il 
turned yellow, but alkalies give a very deep purple coloiir, 
without yielding any precipitate. Alum, added to the de- 
coftion of logwood, caufes a violet precipitate or lake, and the 
fupernatant liquor alfo remains violet, and gives a fre(b por- 
tion of lake on the effufion of an alkali. The faltt of 
iron give an inky black with all the foliuions of logwood, 
under the fame circuniftances as with galls, whence the 
prefence of gallic acid in logwood is evinced. The folu- 
tions of tin form a very fine violet-coloured lake with the 
decodlion of logwood, and wholly precipitate llte colouring 
matter, fo that the fupernatant liquor is quite clear and co- 
lourlefs. In dyeing, logwood gives its own natural purple, 
with (hades or variations according to the mordant ufed, or 
it heightens and improves the common black with iron and 
galls. In this latter way it gives a peculiar glofs and lullrc, 
on which account it is a very valuable dyeing material. 

Logwood is ufed in miniature painting to make a purple 
wafli ; which may be varied to a more red or blue colour by 
tlic addition or omilTion of Brazil wood. The wa(h may be 
prepared by boiling an ounce of ground logwood in a pint 
ef water, till one-blf of the fluid be wafted ; drain it then 
through flannel, while of a boiling heat ; and add to It, 
when llrained, about ten grains or pearbalhcs. To mak^ 
it more red, add half an ounce of Brazil wood, or in pro* 
portion as the colour wanted may require ; ufing in tbia 
cafe the pearl-alhes very fparingly. This| wood has a fweetilh 
fubaftringent tafte, but a remarkable fmelj. It gives a pur- 


plifli-red tinfture to watery and fpirituous infufions, and 
tinges the ftools, and fometimes the urine, of the fame colour;; 
but it does not appear to colour the bones of animals, 

Befides its life among dyers, it is employed medicinally aa 
an aftringent and corroborant. In diarrhmas it has been 
found peculiarly efficacious ; alfo in the latter Rages of dy- 
feniery, when the obftrudling caufes are removed, it fervei 
to obviate that extreme laxity of the inteftines ufually fuper* 
induced by repeated dojeftions. Extraftum ligni campe* 
chenfis is ordered in the pharmacopeias, and may be given 
in the dofe of one fcruple or two, repeated according to 
the urgency of the fymptoms. The extract is obtained by" 
infpiffating the decoctions. ^To promote the cxtradioiv 
the wood (hould be reduced into a fine powder, which is to 
be boiled in the water, in the proportion of a pound to a* 
gallon, till half the liquor is waited. S;me digeft the 
powdered mxxl in as much fpirit as will cover it to the 
height of about four inches, and afterwards boil it in water;, 
the in-utcrs taken up by the watery and fpirituous menftrua 
may be united into one extraft, by infpiffating the watery 
decoftion to the conliftence of honey, and then gradually 
llirnng in the fpirituous tinL^ture. 

Logwood Country, in Gsoj^raphy, a diftrift of America,, 
that lies N.W. ol the Mofquilo (hore, at ^he head of the 
bay of Honduras, and cxIcikU from Vera Par. to Yucatan, 
from 15 to 18^ N. lat. The whole coalt is overfprea'i 
with i’lfts, keys, and (hoals, and the navigation is intricate. 

Logwood a bay or gulf on the N.E, coaft of 

Yucatan. N. lat. 20 y;'.* W. long. 88 20'. 

Logwood /////» in the Matiufj^ures, is a machine for re- 
ducing log wood, orother dyeing woods, \o fmad chips or rafp- 
ings, that the colouring matter may be more readily extradlcd 
from them by the dyer. Thefe machine: are of two kinds: 
one, by means of knives fixed to a large wheel, chips the wood 
acrofs the grain into fmall fragmcnis, which are after wardi 
reduced to a fine powder, by grinding them beneath a pair 
of rolling Rones: this is called a chipping engine. The other 
kind operates by Reel bars, with a great number of notches 
in the edge,; which rafpi and cuts the end of the wood into, 
powder : this is called the rafping engine. Both machioea 
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require an immenfe power to aduate them, and are generally 
worked by water-wheels or by fteam-engines. A plan and ele- 
vation of a rafping engine is given in Plate XXXI. Mechanics^ 
Jigs, I and 2, where A is an iron cog-wheel, turned round 
by the large cog-wheel of a water-mill or fteam-engine ; its 
axis has an iron cylinder B fixed upon it, and this has a 
number of Heel bars or knives a fixed in its circumference. 
The pieces of wood to be rafped are placed in a ftrong 
wooden trough, D D, in which an iron bar, £, Aides, and 
forces the wood down to the cylinder, being moved by two 
racks, F, F, turned by pinions on an axis, G. At one end of 
this is a handle, g, and at the other a wheel, A, which is 
turned by a pinion, i, at the extremity of a long fpindle, 
H I, which is turned by a wheel, K, whofe teeth arc en- 
gaged by threads of a worm or endlefs ferew, /, cut on the 
end of the main axis. By this means the pinions are coniiantly 
turning round with a very Aow motion, and advance the 
wood towards the cylinder, which is at the fame time in 
motion, and its rafps cut the wood into powder. A 
fedion of the rafp cylinder is Aiewa in Jig. 3, where the fame 
letters are ufed. In this m is the groove in which tenants at 
the ends of the bar, E, Aide. This bar has many large fpikes 
in it, which fatten into the wood. At n is a ftrong iron plate 
at the end of the trough, to defend it from wearing away 
by the great preAure of the wood down upon it. The wood 
is kept down in the trough by the crofs-bar, L, Jig, 2, fixed 
down over them. The iron cylinder, B, is call with 24 
grooves in it lengthways, and in thefe are laid as many fteel 
bars, y, 7 a f Jig, 3, the feftion of which is X. The angle, 
r, being ground to a Aiarp edge, and the fide, r x, cut with 
teeth, as feen at Z, fo that the edge is ferrated, as (hewn by 
Y, the knives are held in their grooves by a ftrong hoop, «, 
Jig, 2, driven on the ends of the cylinder over the knives, 
and they are wedged in farft by fmall iron wedges. When 
the wood in the engine is all rafped, and it needs a frefti 
fupply, the pinion, i, is difengaged fi'om the wheel A, and 
then the winch, being turned by a man, the racks are 
withdrawn. To difengagc the pinion, i, its bearing is fixed 
in a beam, O, which iwiiigs on a hinge at the upper end, 
and the lower end has a rod, p, jointed to it, which is en- 
gaged by a catch, r, when the handle, /, at the extremity 
of the rod, is moved avi'ay from the cylinder, fo as to en- 
gage the pinion, with its wheel, h. But on moving the 
end of the rod towards the cylinder, it is relieved from the 
catch, and the pinion is difengaged from the wheel ; and 
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to prevent thebar, E, going fo tar as to endanger its teeth 
meeting the rafps, a pin is fixed into a particular part of 
one of the racks, /, which takes hold of the rod, when 
it has got as far as intended, and removes the rod from the 
catch, r, and then the racks do not advance any farther 
to the rafps. The wheel at R S, joining in the axes H and I, 
is called a fridlion box : it confifts of an iron box, R, fixed 
on the end of the axis, I ; its cavity receives a conioal plug, 
S, fitted upon the end of the other axis, H, and preAed 
into the box by a lever, T, loaded with a weight. By this 
means, if the wood does not rafp away fo faft as the motion 
of the racks would advance it, the cone, S, Aips round in 
the box, R, and allows for the difference of the movements, 
which would otherwile brCak the machine. The cylinders 
of rafping engines generally turn round from 15 to 20 
times per minute, and will reduce a great quantity of wood 
to a powder in a (hort time. Figs. 4 and g are two eleva- 
tions of chipping engine : here A is part of a^ftrong iron 
axis, turned with a confider^ble velocity by water or fteam: 
upon the end is a fmall circular flanch, B, to which is bolted 
a circular iron-plate, D, in which four knives are fixed, fo 
that their edges projeft a very fmall quantity before the 

furfacc of the wheel in the manner of a plane iron, E is an 
iron frame containing the bearing for the pivot of the wheel ; 
it has a fmall trough, F, caft aU in one piece with ih All 
this iron work is ferewed down to the wood framing, G G. 
The wood, H, is in this machine prefented to the knives in 
the wheel by a man who holds it in the trough, and advances 
it as the knives cut away the end. Thefe chips are cut 
acrofs the grain but obliquely, as is evident itom jig, 4 ; they 
are afterwards ground to a fine powder by a rolling ftone, 
or runner upon edge. A large and heavy fly-wheel is ufually 
fixed on the axis, A, of the chipping wheel to regulate its 
movement. A method of reducing logwood has been lately 
introduced by fawing i|: with a circular faw (fee Saw), which 
cuts oft a flake from the end of a piece of wood jc, fo 
that the jar of the faw fliattcrs the flake all into powder. 
By this means, at every cut the faw cuts away as much wood 
as its thicknefs in faw dull and the flake, which is as 
much more, is reduced at the fame time, fo that all the 
wood is reduced, though only one-half is cut, whereas, in 
the rafping engine, every particle mud be cut by the ma- 
chine. This improvement merits the attention of the woollen 
manufafturers, whofe numerous logwood mills would be 
much improved by the adoption of this method. 
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LONDON, the metropolis of the Britifli empire, the 

mod wealthy, molt extenilve, iinJ probably the moll po- 
pulous and powerful city in the world, is feated in a fertile 
and falubrious plain or valley, on the banks of the river 
Thames, which divides the town into two irregular parts, 
and paffes through it, from the well to the ead, in iU 
progrefs to tlie lea. Many cities and towns of antiquity 
have been famous in the annals of nations ; Nineveh^ was 
noted for its towers and walls of vaft circumference, height, 
and breadth ; Babylon, for the hanging gardens, and other 
objefts of human labour ; Perfepolis, for its natural fortifica- 
tions ; Palmyra and Dalbeck, for fumptuous buildings ; and 
Athens and Rome, for the civilization, refinement, and high 
accomplifhment of their inhabitants. But London may be 
denominated tlie modern wonder of the world. The pro- 
digious increafe of houfes, inhabitants, trade, commerce, and 


wealth, with the refinement and luxury which now prevail, 
render it fuperior to all the cities of modern Europe ; and 
muft excite the aftonifliment of fuck foreigners and Eng- 
lilhmen as have ftudied the local and comparative hiftorics 
of places of note. It may be regarded as the focus of the 
Britilh empire ; for within its jurifdiftion are concentrated the 
royal, legiflative, juridical, civil, commercial, fcicntiilc, and 
literary concerns of Great Britain. Many writers have been 
employed, at different periods, to narrate the annals of thii 
great townf and feveral volumes in folio, quarto, odavo, &c. 
have been exclufively devoted to the topographical hiftory 
of London : but all are imperfe£l and uniatisfaAory : the 
largcfl works being moftly tedious, trivial, and prolix ; and 
the fmaller publications are very fuperficial and inaeciirate. 
At the end of this account will be given a lift of feveral 
of thefe works } to point out the fourcei of the prefent 
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eflayy and to furniih the reader^ who may require more cir- 
cumftantial information, with a guide to facilitate his re- 
fearches. The following article will comprehend a general 
▼icw of the hiftory and local charadterillics of this metro- 
polis, with fomc particular dcfcriptions ; but for detailed 
accounts of mntiy buildings* pl«\ce8, and objeds, the reader 
is refered to the following heads, in different parts of this 
work: Bank of Rtvjavdy Bridlwki.l, Bhidces, Com- 
pany, lill of 91 in Loudon, and accounts of iL? principal; 
CoLI.FGE of ChilMnSf or D^tinrs-Cnmmonst CoLLECfE of 
Heralds^ College of Phyfnanx^ CoLLn(;K, CoLLKta? 

of Sur^eotis, College, Rde^wary, Roy at. Exchange, 
Custom of Londorit Docks of L'tmLn^ E^nsK, Fleet- 
Prlfon, GreJiMm College, Cun dual r., Hospitals of 
JBethlehem, Bridewell^ Chrjj!^ and FounJllny^^ Inns of Courts 
Insurance Companies^ I.iLj noton, Lamketh, H4cknea, 
Majiy-li:-Bonl, rADoiNc/roN, SruiiY, 

Newington -'Butts, Thames, Police, Parliament, 
New- River, Limehouse, Stkateord-le-Bow', South- 
wark, Westminster. 

The centre of London, or St. PanPs church, is afccr- 
tained to be in latitude 51''^ N., and in longitude 5' 37 ' 

W. of Greenwich, where the royal national ©bfervatory is 
eftablifhed. The diftance of London from the principal 
cities of Europe is as follows; from Edinburgh 395 
miles S. ; from Dublin 338 S.E. ; from Amfterdam 190 
miles W. ; from Paris 225 miles N.N.W. ; from Copen- 
hagen 610 miles S.W, ; from Vienna 820 miles N.W. ; 
from Madrid 860 miles N.E. by E. ; from Rome 950 
miles N.N.W. ; from Conftantinople 1660 miles; from 
Mofeow 1660 miles E.S.E, ; from Stockholm 7J0 miles; 
from Pelcrfburgh 1140 miles; from Berlin 5’40 miles; and 
from Lifbon 850 miles. 

London, as ‘confidered in the aggregate, comprifes the 
city and its liberties, with the city and liberties of Weft- 
minfter, the borough of Southwark, and nearly thirty of 
the contiguous Tillages of Middlefex and Surry, The 
greateft portion is built on the northern bank of the Thames, 
or in Middlefex ; whilft Southwark, with Lambeth, and 
feveral connecting villages, extend along the fouthern (bore 
of the fame river, in the county of Surry. The extent of 
London, from weft to caft, or from Knightfbridgc to 
Poplar, is full feven miles and a half ; whilft its breadth, 
from north to fouth, or from Newington Butts to Iflington, 
is nearly five miles. The circumference of the whole, al- 
lowing for various inequalities in the extenfiou of ftreets, &c. 
at the extremities, cannot be Icfs than thirty miles. Hence 
it may be fairly cftimatcd, that the buildings of this metro- 
polis cover at lea ft eighteen fquare miles, or 1 1,500 fquare 
acres. Out of this mu ft be dcdu6ted the fpace occupied by 
the river Thames, which extends about feven miles, or 
^2,320 yards in length, by one quarter of a mile, or 400 
yards in width ; making i lao fquare acres. 

Independently of various local and civil dlvifions, London 
may be faid to confift of five diftinguifhing parts*, or popular 
portions ; viz* the weft end of the town, the city, the call 
end of the town, Weftmmfter, .and the Borough. The 
“ weft end of the town,’* extending from Cbaring-Crofs to 
Hyde-park, and from St. Jameses p.n k to Paddington, is 
eonfidered the heft and moft fafhionable part of the town, 
and is laid out in the two great thoroughfares, called Oxford 
road and PiccadJly, with various handfome fquares and 
ftreets, which are chiefly occupied by the town-houfes of 
the nobility and gentry, and the moft fafhionable (hops. 
The “city’’ includes the central part, and moft ancient di- 
villoR of the metropolis. This is the emporium of com- 
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merce, trade, and buflnefs ; and is occupied by (hops, w'are- 
houfes, public offices, and houfes of tradefmen and otliers 
conne^lcd with bufinefs. The “ caft end of the town,** and 
its inhabitants, are devoted to commerce, to (hip-building, 
and to every collateral branch conneded with merchandize. 
This divifion of London has aflTumed a novel charade r fince 
the commencement of the prefent century, by tjhe vatl com- 
mercial docks and warehotfes that have been formed and 
conllruded here. Tlie fouthern bank of the Thames, from 
Deptford to Lambeth, bears fomc refemblance to the eaft 
end of the town ; being occupied by perfons engaged in 
coumicreial and maritime concerns ; docks, wharfs, and 
warelioufes being abundant. But this part of London liau 
one dilhnguifhing feature from any other, as it abounds with 
numerous and various manufadories ; iron-founderies, gl^ff.- 
houfes, foap-boilere, dye-houfes, boat-bui’dcrs, (hot and 
hat manufadories, &c. and many other fimilar eflabliih- 
ments. From the great number of fires employed in thefe 
houfes, and offenfive effluvia arifing from fome of the works, 
this difirid is rendered extremely unpleafant, if not un- 
healthful, for human refidcnce. It is therefore mofily in- 
habited by w'orkrnen, labourers, and the lower clafTes of 
focicty. Many improvements have lately been made, and 
feveral refpcdable houfes ereded on St. George’s fields. 
In Weltminfter are the houfes of lords and commons, the 
courts of juftice, and many offices belonging to government. 
Another part of the metropolis, not hitherto noticed, but 
which may be confidered as the laft enlargement, and the 
moft regular and fyftematic in its arrangement of fquares, 
ftreets, 6 cc. is the northern fide of the towm ; compre- 
hending a large mafs of new buildings between Holborn and 
Somers-town, and in the pari Hies of Mary-le-bone and 
Paddington. Nothing (hews the increaled and incrcafing 
growth of the Englifh metropolis more decifively than the 
vaft number of new fquares, llreetfi, rows, and places, tliat 
have been recently eredled, and are now in the progrefs of 
building, all round the metropolis. London is computed 
to contain nearly 70 fcpiarcs, and 8000 ftreets, lanes, rows, 
courts, &c. According to a cenfus obtained in the year 
181J, the population of London, Wcfiminfter, and their 
fuburbs, was 1,099,104 perfons; being an increafe of 
133,139 within the courfe of ten years. Well might 
Cowper exclaim, 

Opulent, enlarged, and dill incrcafing London.** 

It would be both amufing and inlerefling to trace the 
progreffive growth or ex pan fi on of London ; to deferibe it 
at different and remote periods ; and delineate, with a care- 
ful and accurate pencil, the natural and artificial, the po- 
litical and civil, the moral and commercial charafteriftics of 
the Britifii mctro])oli.s, at different epochs. Some of tliefe 
features will he noticed in the progrefs of our furvey ; but 
many mufi neceffarily he omitted, from the peculiar nature 
of the prefent publication. 

yincufit Hijlory and yftii/qui/is of l^ondon* — It is generally 
admitted by topographers, that the prefent feite of London 
was occupied as a Britiffi town before the arrival of the 
Romans. Of this, however, there is no evidence : for 
Geoffrey of Monmouth is not to be trufted, nor is his affer- 
tion entitled to refpe<fl. We are informed by Tacitus, that 
about the year 61, Londinium, or Colonia-Augulla, “ was 
the chief refidence of merchants, and the great mart ( f trade 
and commerce, though not dignified with the name of a 
colony.” ( Ann. lib. xiv. c. 33 ) Boadicea, the amazonfen 
queen of the Britons, headed a large body of natives, and, 
after conquering Camalodunum and Vcrulam, took poffef- 
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f!on of Londmlum. At tliit time» it appeari that Lon- 
dinium was not fortified in the Roman ixvanner* and was in* 
ferior to either of the otlier places juft named. In a few 
years after wardsi the Romans made it a permanent ftation ; 
unrounded it with a fortified wall of ftone and brick, and 
governed the inhabitants by Roman laws. The courfe and 
extent of the walls were as follows : commencing at a fort, 
near the prefent tower of laondon, the wall was carried in a 
line directly north to Aid-gate ; thence it made a curve to 
tlie fouth-weft, to Bifhops-gate, from which it continued in 
a ftraight line to Cripple-gate and Alders-gate; here it 
turned to the fouth, and proceeded to New-gate, wliere it 
made almoft a right an^le, turning to the fouth, to Lud>gate, 
and on to the banks of the Thames. The circuit of this 
part of the boundary, according to Stow, was nearly two 
miles and one furlong. Another wall# of about one mile in 
length, extended along tlie northern bank of the Thames, 
from the fort near the Tower to another fort near the prefent 
Black-friars bridge. Thefe walls were defended, at dif- 
ferent diftances, by llrong towers and baftions. The height 
of the wall is faid to have been 22 feet, and the towers 
40 feet. The fuperficial contents of the area thus enclofed 
have been computed at about 400 acres. Nearlv through 
the middle of this ftation pafled a ftream, fince called Wall- 
brooke. Dr. Stukelcy, in his “ Itinerarium Curiofum,” has 
given a plan of Londinium, (hewing the extent and form of 
tile ftation, with the number of gates in the walls, and the 
military roads that branched off from it. The burial-places 
were without the walls, on the north and eaftem Tides of the 
town. Londinium was advanced from a pr^feQure^ i. e. a 
town governed by a Roman prsefeS, to the ran*k of a colony. 
It alfo became the feat of the vicarius Britanniarum, and of 
the commiflioners of the treafury under the Roman em- 
perors. To cuter into accounts of all the various remains 
of the Romans, which have been difeovered at different times 
within the limits of London, would lead us into a long dif- 
fertation : it muft fuftice to ftate, that teffellated pavements, 
urns, coins, pottery, foundations of buildings, and other 
evident relics of the Romans, have been frequently found 
beneath the prefent furface. At the Bank, near tnie India 
houfe, and in Lombard ftreet, fome pavements haw been 
taken up ; and in various other parts of the city hate been 
found evident traces of Roman habitations, and Roman 
cuftoms. The London ftone in Cannon ftreet is cunfidmd, 
by mod antiquaries, as part af a Roman milliary. TIhefe 
are all particularly deferibed in Brayley's Survey of Lon- 
don and Middlefex, vol. i. 1810. 

Very little is known of London during the Anglo-Saxon 
dynafty ; nor do we know of any buildings, or other local 
antiquities, which may be referred to that period. Under 
the Saxons, London, then called Lunden, Lundone, Lun- 
denburg, Lundenes, Lundenceafter, gradually increafed in 
extent and affluence ; and, according to Bede, it then be- 
came the ” emporium of many nations.’^ Rclipous edifices 
were crc£led in the feventh century, on the icites of St. 
Paul's and Weftminfter Abbey. It is orefumed there was a 
bridge acrofa the Thames, near Weftminfter, previous to 
the year 994 : as William of Malmlbury, when fpeaking 
of the repulfe of the Danes under Svyeyn and Olaf, fays 
that ** part of them were drowned in the river, becaufe, in 
their bally took no heed of the bridge.** In the 

time of king Athelftan, a law was paffed refpeCting coina^, 
by which it is fpccificd that London was allowed ei^t 
jninters, whilft onty feven were appointed for the cities of 
Canterbury and Wincheftcr. 

Soon after the Roman conoueft, a fortrefs or caftle was 
on the bi^nki of the Tlmmesi Ais was enlarged 
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by Gundulpli, bifhop of Roclicftcr, who ereAcd the Wliitc 
tower, within the Tower of Loudon. In the fame reign 
St. Paul’s church w^s commenced ; and the llrong ca files of 
Baynard and Montfichet, both of them (landing on the 
banks of the Thames within the city w^alls, were erefled 
by two of the Norman king’s officers, named Baynard and 
Montfichet. During this and feveral fucceeding reigns, the 
public buildings of London were greatly augmeuted in num- 
ber, by the eredlion cf feveral religious t'difices, abbatial 
and epifcopal refidences. Hie royal palace at Weftminfter, 
which had been founded by Edwa-'^d the ConfefTor, w^as con- 
fidcrably enlarged ; and a large hall was built there by 
William Rufus The reign of Henry I. was difiiiiguiflied 
by the foundation and conliruAion of many monaftic houfes ; 
and feveral others were cflablifhed during tlic Anglo-Norniau 
and Piantagonct dynaflirs. 

A lift of the religious houfes, with the time of thrV dif» 
ferent foundations, will afford a tolerable idea of the gradual 
increafe of the city, with rcfpedl to fucli eftablifhmeets, 
and of the difference between ancient and modern London. 
The town appears to have contained no Icfs than fifty -foui 
monaftic houfes, fucli as abbics, priories, nunneries, hof- 
pitals, colleges, &c. 

St. Paul’s cathedral was firll founded by Ethclbert, king 
of Kent ; church rebuilt in 961; again in the time of 
William Rufus. The prefent church commenced in 1675. 

The priory of St. Martin-le-Grand, founded by Withred, 
king of Kent, in the year 700; was given, in 1502, by 
Henry VII. to Weftminfter Abbey ; the ftreet of St. 
Martin-le-Grand is ilill annexed to Weftminller. 

The nunnery in Clcrkcnwcll, founded in 1100, by fir 
Jordan Brifet. 

The hofpital of St. John of Jerufalem, in Clerkenwell, 
was founded in 1 100, by the fame. 

The Holv Trinity, or Qhrift-church, within Aid-gate, 
was founded by the emprefs Maud, in 1108, for Auftin 
canons. 

The priory of St. Bartholomew in Weft Smithfield was 
begun by Rahere, in 1123 ; the hofjpital foon afterwards. 

A BenediAine nunnery of Haliwell, by Robert Fitz- 
Gelran, before 1127. 

St. Katherine near the Tower, by the emprefs, before 
11^. 

Tlie Old Temple of Holbom, in 1 1 18 ; and the new one 
near Flett-ftreet, by the order, in 1185. 

St. Mary Spittle, by Walter Brutie, in ir97. 

St. Thomas of Acre, in the end of Henry ll.'s reign, by 
Thomas Fitz-Thcobald. 

The college of Alliiallows Barking, by Richard 1 . 

The nunnery of St. Helen’s, in Bifhopfgate-ftreet, was 
founded by William Fitz-William, in laio. 

The Black Friars had a houfe near Chance^- lane, but 
afterwards begged or bought the ground near Caftle Bay- 
nard, foon after 1221. 

The Grey Friars, about 1224; afterwards in Newgate 
ftreet. 

The White Friars, by fir Rich Grey, in 1241. 

A priory for Auftin r riars was eilabliftied in Broad-fireet, 
by Huinpbry Bohun, earl of Hereford, in 125 5. 

The Friars of the Sack, Old Jewry, 1257. Order dif- 
folved, 1307. 

The Croffed or Crutrhed Friars, by Ralph Hofier and 
William Sabems, in 1 298* 

The Rolls, or Domus Conver forum, by Henry III. in 
1231, for the converfion of Jews. 

St. Mary Rouncivall in the Strand, about the fame 

period* 
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The hofpital or priory of St, Mary of Bcthelem or Bed- 
lam, was granted by Simon Fitz-Mary, in 1247. 

Thp convent of St. Clare, in the Minorics, by Edmund 
•arl of Lancafter, in 1203. 

A college and hofpital, called Elfing Spittle, were founded 
by William Elfnig, a citizen, in 1329. 

Sir John Pountiiey founded a college in Cannon-flreet, 
in 1332 

St. Mary of Graces, or Eafl-Minftcr, a CKlerlian abbey, 
was founded by king Edward III. in i3i;o. 

The Charter- Houfc*, b«Tore 1370, I>y fir Walter de 
Manny, and Michael de Norlhburgii, buhop of Loi^doiu 
Sec CiiAurriEL’^E. 

The hufpUHl (T the Savoy, ip lycj, by ITcnry VIC. 

Bclidcs tliefe, tl'.e guilds t;r frateruil »i s nf Lomioii were 
very njtmt-ropt,. 'I’hcrr mviw a brotliLihocd and chapel of 
the Holy Triui.'y in .Leadcnhall, aiiJ fevv^ral others were 
foniuicd in mod churches. The gr.iud iiippreflioii of the 
whole commenced in K37. Kxclulive of the religious 
houfes, the bifliops ?nd parliiir.Mitary abbots liad each a 
to\v!i rcOdence ot lia?c 

The abbot of St. Anilm’s, Cu.terbury, Iioufe was in the 
paroh of St. .Southward. 

The abbot of Lvcduim’d, lu the parilh of St. Catherine 
Cree. 

The abbot of Readltig’i!, at Bjynard eadlc, in tlic parilh 
of St. Andrew Wardiob”. 

Tiic abbot of Si. Mar)’s, York, at St, Peter’s Place, 
Paul’s Wharf. 

’i’he abbot of Glaftonbury, in Well Smitlificld. 

The abbot of Hyde, in the parilh of St. Mary at 

Hill. 

The abbot of Ramfey» in Whltccrofs-flrcet. 

''The abbot of Bury St, Edmund’s, in Si. Mary-flrcct, 
Aldgate. 

The abbot of S^ Alban’s, in TjOthbury. 

The abbot of Peterborough, in the parifli of St. Gre- 
gory. 

The abbot of Salop, near St. Bartholomew’s, Weil Smith- 
field. 

Tlie ablmt of Lcic<?fler, in the parifli of St. Sepulchre. 

One iniliincc of the fervicc which was rendered to the 
public, even in London, by the monailic inllitutions, is 
worthy of note : the priory of .St. Mary Spittle contained, 
at its diffoliftion about the year 15 56, no lefs than iSo beds 
for the rccejition of Tick perfons and travellers. The liof- 
pitals which were fuflercd to reinaii*, ovi’cd rheir continuance 
to fir Richard Grcfliatn, mayor of London, in 1537, uho 
petitioned the king to beft )W the lands belonging to this, 
St. Bartbr lomowks, St, Thiunas's, and the new abbey on 
Tower-hill, on tlie corporation, for the relief and ufe of the 
poor, the lick, and the vagrant. 

y!*in.ifs of Lond<ni fron the Di'p^irture tif the Rotr.iws to the 
Jlccejflon of Ed*tx*ar(i 1 . — When the Ron aus, from the dil- 
traited date of the empire, found it iieetlTary, in the tariy 
part of the fifth eentnry, to vviihuraw their troops Irom the 
((iflant provi'iccs, London again became a Bi*i*ifii towm, and 
is mentioned in the Saxon chronicle in the ye?.r 45'7, wlieii 
the Britons fied hi'licr on their defeat by the Saxons under 
He’igiTt, vho, about twenty years afterwards, made inmfelf 
mailer of London ; but on hr. death, in 498, it was retaken 
by Ambrofius, and retained by the Bnions during a con- 
fidt*.^b!e part of the next century. 1 c afterwards became 
f ihj<.‘ded to the oewly-eftablifhed Saxon kingdom, of Effex. 
On iImj converfiun of the Eail Saxons to Chrillianity, l,oii- 
don was nominated as the bilhop’s fee, Melitus being ap- 
pelated the firft biihop in the year 604 : a cathedral church 


was eredled in 610, on the feite of the prelent St. PauKs. 
During the period of the Saxon heptarchy, but few notices 
of London appear to have been recorded. In 664 it was 
ravaged by the plague ; and in 764, 798, and 801, it fuf- 
fered feverely by fires ; in that of 798 it was almoil wholly 
confumed, and great numbers of the inhabitants perifhed. 
On tlic union of the Saxon kingdom under Egbert, Lon- 
don, though not the royal refidence, or feat of government, 
as has been erroncoufly dated, was advancing in confequcnce, 
as appears from a Wittenagemot having been held here in 
833, to confult on proper means to repel the Danes, By 
tlul'e invaders I^ondon was repeatedly pillaged and laid 
Wade. In 925 king Allielilan had a palace here ; the city 
inciTdfcd in importance under the Danidi fovertngns, and 
under Edward the ConfeiTor ; and on the fuccefsful invafion 
of William the Conqueror, the magiftrates of London, 
conjointly vvitli the prelates and nobility* invited him to 
accept the title of king of England. From this period 
London may be confidcred as the metropolis of the king- 
dom. 

Wiilicim, at the commencement of his reign, granted a 
cliarter to llie cjtizens, which is bcaiitifiilly written in the 
Saxon charat'ticr;?, and is dill preferred among the city ar- 
chives; it cc'nfil's of only five lines on a flip of parchment, 
fix indies long and (me broad. In the year 1077 the 
gra.itr't part of the city was dellroyed by lire. In the 
foliovvdng year the king lounded the fortrefs, now called the 
While Tower, for thepurpofe of keeping the citizens in 
awe, as he had reafon to fufpeCf their lidtduy. In 1086 
anotlier lire confumed the principal part of tlie city, toge- 
ther witli the church of St. Paul. Mniirice, then hiOiop 
of London, laid the foundation of the new church : “ a 
worke,” Stow obferves, “ that men of that time judged 
would never have b'*(*n fmiflied, it was then fo wonderful.” 
It is remarkable that Dornclday book, tliough fo mnuite 
in regnrd to other cities and towns, does not contain any 
notice of I.ondon. A vine yard is mentioned in Holboni 
belonging to the crown, and ten at res of lartd near Bifhopf- 
gatc (now the manor of Norton -Falgale) beK/ngmgto the 
dean and chapter of St. Paulks. In November, 1090, 
above 600 horde.! and feveral dun dies were blown down by 
a tremendous hurricane, and Stv»vv f.tys, “ the I'ower of 
Loiidon WaS alio brv>ktm.” About two years afterwards 
another dellrudtive lire happened. In the fuccecilit:g years 
William Rufus rc]>uired the Tower, and ilrcngthcned it by 
additional' works ; and m J097 he built a great hull at WefU 
minller. Henry 1 ., as a re.vard for the ready fubmifiion of 
the Londoners to In > rfrrped autliority, granted to the city 
an exienlive charter of privileges, among winch was the 
perpetual flKT.irwick ot Muldlelex. O.i the death of Henry, 
the Londoners look u decnled part in favour of Stephen in 
his cvnitell with the einoreib, and greatly contributed to his 
dial) ilhmeiit on llic tlirone. In tiic lirft year of his reign 
a lire, beginning near l.,onclon Stone, confumed all the 
houfes eaUward to Aldgate, and weflward to St. Paul’s, 
together with London bridge, v/hich was then of wood, 
Henry II. does not appear to have held the citizens in any 
great degree of favour, probably refenting their attachment 
to Sieplien ; ami wc find that large fums of money were 
extorttd from them under the fpecious name of Frcc-gifis. 
In 1176 the building of a new bridge of flone was com- 
menced at London, but was not completed tid the ^ear 
1209. On the coronation of Richard I. a dreadful maf- 
facre of the Jews, who were fettled in London, was made 
by the brutal and ignorant populace. At the coronation- 
dinner, the chief magiflratc of London, who at that tin^c 
had the title of bailiff) adted as chief butler. Early in this 
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?eign tlie appellatioti was clianged to that of mayor, in the 
perfon of Henry Fitz Alwyn, Richard granted the city a 
new charter, confirming all its liberties, with additional pri- 
vileges ; and four years afterwards, on payment of v^ooL 
he granted another, providing for the removal- of all weirs 
that had been erefted on the river Thames ; on this charter 
the corporation of London found their claim to the confer- 
vatorfhip of that noble ftream. In 1196, a feditiem arofe 
in London, headed by William Fitz Oftert, who excited 
the common pfeople to oppofe the government, and gained 
afTociates to the amount of jo.ooo; but the leader being 
taken and executed, the commotion fubfided. This is one 
of the firft indances upon record of a tumultuous afTembbgc 
in defence of popular rights. In the reign of king John 
the civic importance of London was greatly increafed ; and 
its corporation finally affumed that form and predominancy, 
which, with a few alterations, it has maintained till the pre- 
fent time. John granted the city feveral charters ; by one 
he empowered the ‘‘ barons of the city of London” to 
cho'ife a mayor annually, or to continue the fame perfon 
from year to year, at their own«pleafure. In 1212a dread- 
ful calamity took place, through a fire which commenced at 
the bridge end in Southwark, and occafioned a deltru6tion 
almofl unparalleled from fuch a caufe : Stow relates that 
a’Miut 3000 persons periOied. During the conteft between 
the king and pope Innocent III. London fevercly felt the 
confequences of the inlerdidl which was laid upon the king- 
dom. In the civil feuds, which marked the latter years of 
John, the Londoners fided with the barons ; and when the 
humbled monarch was compelled to fign Magna Charta, it 
was therein cxprefsly ftipu^ated that the “ city of London 
fhould have all its ancient privileges and free cuftoms as well 
by land as by water.'* The long reign of Henry IJL 
affords but few cvcnis worthy of notice refpc6ting London : 
its grojvi g profpenty was cnecked by a feries of extortions 
and opprelTions. In 125^, the price of corn was fo cxcef- 
fivc, that a fa nine enl’ncd, and according to the chronicles 
of Evofhani, 20 000 perfons died of hunger in London only. 
In 1264 a other maffa. re of the Jews look place} on a 
plea tli^t one of that perfecuted race had taken more thin 
legal intered, and upwards of 500 Jews were put to death 
by the populace, and their houfes and fynagoguea de- 
ftroyeJ. 

j^nn ils o/* London from the Accejfion of Edward I. t 9 that 
of Henry IV. In the year i279^all the Jews in England 
were apprehended in one day, on a charge of their being the 
authors of the great miitilaiions which had taken place in 
the coin during the preceding reign ; 280 perfons of both 
fexes were executed in London, befides many others irt va- 
rious parts of the kingdom. Between the years 1314 and 
1^17 the city, in common with the reft of the kingdomr 
fuffered greatly from a fcarcity of provifions, which even- 
tually produced a complete famine. King Edward III., 
on the commencement of his reign, granted to the city two 
charters ; by the lirft all the ancient privileges were con- 
firmed and additional ones beftowed ; by the other, the 
vUlage of Southwark was granted to the citizens in per- 
petmty. In 1348, the terrible peftilence, which, breaking 
out in India, fpread itfelf weftward through every country 
on the globe, reached England. Its ravages in London 
were fo great, that the common cemeteries were not fuffi- 
ciently capacious for the interment of the dead ; and various 
pieces of ground without the walls were alligned for burial 
places : amongft thefe was the wafte land now forming the 
precind of thfc Charter-houfe, where upwards of 50,000 
Dodies were then depofited. This deftruftive diforder did not 
entirely fubfide till 1357. The public entry of Edward the 
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Black Prince into London, May 24, 13569 after the vidlory 
he obtained at Poictiers, was celebrated with an unparalleled 
degree of fplendour ; and every ftreet through which the 
cavalcade pafled, exhibited an extraordinary dilplay of riches 
and magnificence. The captive king of France, drefled j|i 
regal robes, was mounted on a white courier, while the vic- 
torious prince rode by his fide on a fmall black horfe, and 
appeared more like an attendant than a conqueror. In ijdtr 
the plague having again broke out in France, every precau« 
tiun was taken to prevent its fpreading into England, but 
without effedi } the peftilence reached London, and its ra- 
vages were fo deftrudlive, that upwards of 2000 perfons fell 
viSims in two days. In 1363^ a fumptuous entertainment 
was given in the city by Henry Picard, aldernian, to the 
kings of England, France, Scotland, and Cyprus, to Edward 
the Black Prince, and to a jrreat number of nobility and 
gentry. The year 1378 is memorable in the city annals for 
the expedition fitted out hy an individual, John Pbilpot, 
againft Mercer, the Scuttifh pirate, who taking advantage 
of the inattention of government to naval affairs, carried dfif 
all the (hipping from the port of Scarborough ; and con- 
tinuing to infcll the northern coaft, frequently made confi- 
derable prizes; The complaints of the merchants were but 
little regarded by the council ; when Philpot prepared a 
fleet at his own expence, with a thoufand men well armed, 
went himfelf on board as commandcr-in> chief, and failed in 
purfuit of the pirate. A long and defperate engagement 
eiifued ; but Philpot obtained the viftory, and obliged the 
pirate to furrender, with moft of his (hips, amo ig which 
were fifteen Spani(h veffels richly laden^ In November 

1380, the fourth year of Richard 11 . an ad of jparliament 
was paffed for levying a poll-tax on every perfon in the 
kingdom, male t)r female, above the age of fifteen years. 
This ad was the occafion of producing, in the following 
year, one of the moft dangerous infurredions that ever 
threatened the monarchy of this kingdom 5 and in which 
the metropolis particularly fuffered. The tax was exa6ted 
with great rigour ; and the infolence of the colledors wa# 
an additional caufe of irritatfbii, and kindled the fparks of 
fedition which foon after burft into an open flame. The 
infurredion began in Efl'ex, but quickly fpread through the 
neighbouring counties, and particularly in Kent, where the 
daughter of Wat Tyler, fo called from his trade, having 
been indecently treated by a collcdor, the father killed him, 
and being fupported by the infurgents, placed himfelf at 
their head. To his ftandard incredible numbers flocked 
from all parts of the kingdom ; and on the xoth of June, 

1381, having muftcred on Blackheath a hundred thoufand 
ftrong, they entered Southwark, where they fet at liberty 
the prifoners from the King’s Bench and Mar(halfea prifons, 
and levelled the houfes of all lawyers. They' burnt the 
archbifhop’s palace at J-ambeth, with the rich furniture, 
books, and regiiters, and deftroyed the public (lews w^hich 
were then tolerated on Bankfide. For one day the bridge 
gate was (hut againft them ; but they were afterwards, 
from prudential motives, admitted into the city. They 
then proceeded to the palace of the Savoy, w^hich was one 
of the moft magnificent ftru^lures in the kingdom. Having 
fet lire to it in feveral places, they caufed proclamation to 
be made, that no perfon (hould convert any part of the rich 
effefts to his own ufc, and actually threw into the fire one 
of Uieir companions who had referved a piece of plate. 
They alfo burnt the Temple and the other ihos of court. 
Dividing into three parties, one advanced to the rich priory 
of St. John of Jerufalem, near Smithfield, which they 
burned ; a fc^ond divifion marched to the Tower, where 
they feized fir Robert Hales, Ior4 trcafitier, and Simon 
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Sudbury^ archbifliop of Canterbury, and lord chancellor 
(thoiip;h guarded by i2CO foldicrs), and hurrying them to 
the adjacent hill, beheaded them ; the third divifioii pro- 
ceeded to ^lIlc Knd, nlicre the king suet them, and proniifcd 
to redrefs their rnppoi’cd gi ic\ antes, on w Inch they difperfed. 
But Wat T)lcr, with hit» jiarLy, under tlic pretence of re- 
forming abufes, . ontiinied their ravages in London, libei at cd 
the priToners from the Fleet and Newgate, plundered the 
hoiifes of the Lombards who refided in the llreet, which 
yet retains their name, and dragging the merchants from the 
churchcrt, whither they had Aed for refuge, beheaded them 
in the llrects. Not content with miirdciing many of the 
moft eminent citizens, they made proclamation for beheading 
all lawyers and perfons connoded with the Exchequer, and 
even, all who, in thofc days of ignorance, were capable of 
v.’ricing. The king made another eAbrt for negociation : 
attended only by forty horfe, he nn.'t 'Fyler with ao,ooo of 
his adherents in Smithfield. The behaviour of I'yler w'as 
fo infolent, that the king ordered the mayor, lir William 
Walworth, to arreil him ; on his refiAaiice, fir William 
felled him to the groin. d with hia fword, and the attend- 
ants difpatchcd him. The rebels prepared to revenge their 
leader’s death ; but Richard, thougli only llftccn years of 
age, with a prudence and bravery which did hi ii more credit 
than any other adion of his life, rode forward, exclaiming. 
My friends, will you kill your king ? Be not troubled 
for the lofs of your leader ; I will be your captain, and 
grant what you ifefire.'' They then marched under his 
dircdieii to St. George’s Fields, where, finding a thoufand 
x:itizens completely armed to oppofe them, they threw dow'ii 
their weapons, obtained their pardon, and immediately dif- 
perfed. Thus ended an infurredion unparalleled in the 
annals of this kingdom, and which for three weeks feemed 
to threaten a total fubverfion of the government. In 1390, 
the king appointeld a tournament to be held in London, and 
fent heralds to proclaim his intention to all the principal 
courts of Europe, whence many princes and nobles came 
to attend the fpcdacle, which was continued wdth the greateft 
fplendour for four duv s ; open houfe being kept at the king’s 
ex pence for all perlons of diftinftion. The vaft expendi- 
ture which this and fimilar fellivilies occafioned, frequently 
reduced Richard to great pecuniary difficulties 5 his enor- 
mous profufion led him to a fyftem of oppreflion and ex- 
tortion, which eventually caufed his depofition and death. 

jfnnais of London from the Aceejfton of Henry IV. /o that of 
Elizabeth . — At the coronation of the new king, the mayor, 
as ufuai, officiated as chief butler. The citizens were grati- 
fied by the repeal of foine obnoxious (latutes, and an exten- 
fion of their privileges. In 1401, an ad was pafled for 
burning obftinate heretics,'^ entirely aimed at the Lollards, 
or followers of WicklifFe. The firft vidim was William San- 
trcc, parifh prieft of St. Ofyth, in Syth-lane, London, in 
1407, the Plague again ravaged the kingdom, and fwept 
away more than 30,000 of the inhabitants of the metropo- 
lis. In 1409, a great play, of Matter from the Creation 
of the World,” was aded at Skinner ^s-Wcll, near Clerken- 
well. The exhibition lafled eight days ; at which were 
prefent the king and, moft of the nobility and gentry of the 
realm. In the following year, John Bradley was condemned 
.asa Wickliffite, and burnt in Smithfield, with circumflances 
of peculiar cruelty. In this year Guildhall was eroded; 
the city hall before being a mean cottage in Aldermanbury. 
The return of king Henry V. after the glorious vidory ob- 
tained at Agincourt in 1415, was celebrated in London with 
great magnmccncc. Neither this reign nor the following 
produced any events of peculiar import to the city, till the 
year a45Q> when a new infurredion arofc, of Xo formidable a 
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nature, that for fome weeks all the power of the crown was 
infunicicnt to quell it. 'Iliis tumult is fuppofed to have 
been raifed by the inftigation of the duke or York, in or- 
der to found the inclination of the people, and prepare the 
nation for his defign of feixing that feeptre which Henry 
fwa)ed fo feebly. By the fecret inftrudions of the duke, 
Jiick Cade, who had lerved under him in the French wars, 

, afTumed the name of Mortimer, and colleded a Arong body 
of malcontents, under the popular pretext of redrefs of 
grievances. They entered the city in triumph, and for fome 
time bore down all oppofition ; and beheaded the lord trea- 
fuicr, lord Say, and feveral other perfons of note. The in- 
furgeiUs at length lofing ground, a general pardon was pro- 
claimed, and Cade, finding himfelf deferted by his folluwers, 
Acd ; but a reward being offered for his apprehenfion, he 
was difeovered, and refufing to furrender, was killed. 
IMic remainder of this reign was filled up with tlie dreadful 
cotiieil between the Lancaffrians and Yorkifts, which ended 
ill the depofition of Henry and the effablifhment of Edward 
IV. on the throne. The year 1472 will ever be memorable 
in the annals of the metropolis, for the introdu6lion of 
priming into this country by William Caxton, citizen and 
mercer. I’he hiftory of the kingdom during this reign 
and tliat of Richard III. does not in any particular manner 
afic(!:'l the concerns of the city. Soon after the acceffion of 
Henry VII. in 14^^, an epidemical diforder of a very fingu- 
lar nature, called the fweaiing Jtchnefsy raged with great vio- 
lence in London. Thofe attacked by it were thrown into a 
violent perfpiration, which generally occafioned their death 
within twenty-four hours. It appears from Hall’s Chronicle, 
that two mayors and fix aldermen died of this complaint in 
one week. This reign was particularly marked by oppreflion 
and extortion on the part of the king ; and the tumults and 
infurreAions occafioned thereby,particularly that in fupport 
of Perkin Warbeck, who was aflerted to be Richard, duke 
of York, and the heir to the throne. In this event, though 
highly inttrefting to the kingdom, the city was not imme- 
diately concerned. In 7500 the kingdom Was again vifited 
by the Plague, of which 30,000 pei Tons died in the metro- 
olis and its vicinity. In the reign of Henry VIII. when 
e attempted to raife money without the aid of parliament, 
the citizens made fuch determined oppoliiion to the mcafure, 
and their example had fuch an influence tlirough the king- 
dom, that the king, in full council, abandoned his defign, 
and granted a pardon to all wlio had oppofed him. On the 
king’s marriage with Anne Bolcyn, in I533» ftie was con- 
veyed from Greenwich to the Tower, and thence through 
the city to Weilminller, with all the magnificence and 
pageantry which unbounded prodigality could devife. The 
remainder of tins reign w’as notorious for the tyranny and 
^cruelty of the king, who, having thrown off the pope’s fu- 
premacy, facrificedall who adhered to it,: yet profefling a 
zealous attachment to the doctrines of the church of Rome, 
he put to death thofe perfons who prefumed to differ from him. 
Hence the promoters of reformation, and its oppofers, pe- 
riled in the fame flames ; the blood of the Catholic and 
Proteftant was fhed upon the fame block ; and Henry, 
whilil vehemently contending againil the pope’s infallibility, 
fupported his own with the mod vindi^ive cruelty. In 
thele fanguinary feenes, liondon had its full /hare ; great 
numbers, of ail ranks, were continually executed, either for 
herefy or treafon. The fuppreflion of the monaiieries now 
took place ; oppofition to the king’s will was fatal ; and the 
partial infurreAions which broke out in confequence, only 
lerved to forward his meafiires, by giving the colour of 
necelfity to the vengeance that was infliAed. Many im- 
provements were made during this reign in the city and its 
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fuburbr. The police was better regulated ; nuifances were 
removed ; the ftreets and avenues wtre amended and paved ; 
and various regulations were carried into effect for iiipply- 
ing the metropolis with provifions, to anfwer the demands of 
an increafing population. In the fhort reign of Edward VI. 
the reformation p^rocceded with fteadineft and regularity : 
but on the acceffion of Mary the church of Rome again 
gained the afcendency. On the prmefled union between 
the queen and the king of Spain^ a formidable infiirredfion 
enfued, in which the city was particularly affefted; the 
fuppreflion of this revolt was followed by a dreadful feene 
of fanguinary triumph. The llatutes againft heretics were 
BOW alTo enforced with great feverity. A number of perfor.s 
were burnt in Smithficld ; in the whole kingdom upwards of 
200 were brought to the flake. 

j^nttah of LomLii from the jiccejfion of KU^z.ahvth to the Re* 
volution in 1688.— Elizabeth fucceeded her filler amidll the 
acclamations of all ranks of people. Reformation again 
reared its head, and was in a fhort time firmly eftabliflied. 
In 1561 the fpirc of St. Paul’s ciithedral was flruck by 
lightnia^, and great part of the building confumed. In 
1563 the Plague again made dreadful ravages, to which 
20,000 perfons fell vidims in the city. In July 1566, the 
foundations of the Royal Exchange were laid by fir Thomas 
Grelham, and the llrutture was completed in the following 
year. The year 1569 exhibited a novelty in London of 
moll pernicious example. The firll public lottery was then 
drawn at the well door of St. Paul’s cathedral, and the 
drawing continued, >^ithout interrupiicn, from January 11 
to May 6. The prizes were of plate, and the profits were 
appropriated to the repair of the fea-ports. In i ^86 a con* 
fpirticy was fet on foot to alfafllnate Elizabeth, and free the 
queen of Scots from the captivity in which fbc had paffed al* 
moil eighteen years. The plot was fonn difeovered, and the 
confpirators, fourteen in number, were executed it) Liucoln’s- 
iiin-Fields. Mary was faid to be implicated in the confpiracy; 
and this, whether true or falfe, furmfhed a plauiible pretext 
for thofc proceedings, which foon after condemned her to 
the block. The fentence againll her was proclaimed with 
great folcmnity at diflerent places in London and Weft- 
minder. In the preparations made to repel the threatened 
attack of the boaited Spaniih. Armada, London tooJt a 
moll dillinguiihed (hare, in furnifiiing large fupplice of 
money, men,, and (hips. The preparations for the corona- 
tion of king James were interrupted by a dreadful Plague, 
which ravaged the city with greater viblencc than any 
Cmilar vifitation finoe the time of Edward III. In 1604, 
the horrible confpiracy, known in hittory by the name of 
the “ Gunpowder Plot,” the grand obiedl ot which was to 
prepare the way for the reftoration of the Catholic relimon, 
was commenced by its daring contrivers, with every pouible 
precaution that feemed ncccffary to enfureits fuccefs. The 
dellruflion of the king and parliament was the preliminary 
meafure through which the confpirators thought to accom- 
pkfh their delign ; and the blowing up of the parliament- 
houfe with gunpowder at the moment when the fovereign 
fhould be commencing the bufinefs of the fcflion by the 
accullomed fpeech from the throne, was the dreadful means 
by which the dettrudlion w^as intended to be accornplilhed. 
All the principal confpirators were bigotted Catholics, who 
had for many years been plotting the downfall of Pro- 
teftantifm in this country, and had even applied for aid to 
Spain and Flanders. Being difappointed of the affitlance they 
required, they refolved to depend on their own efforts, and 
about Eafter 1 604, formed the idea of the gunpowder plot, to . 
be carried into effeS on the meeting of parliament in February 
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following. Accordingly Percy, one of tlie confpiratorSy 
hired a houfe immediately adjoining to the boufe of 
lords, *and the operations commenced by digging through 
the foundation-wall, which was nine feet in ihicknefs. Juft 
at this jundure, a vault under the parliament-hoiife, ufed as a 
depoiitory for coals, was to be let, and the coals to be fold. 
As nothing could have happened more favourable for 
their purpofe, Percy hired the cellar, and bought the coala^ 
as if for domeflic ui.*, and without any appearance of con- 
cealment. The prorogation of parliament from February 
to Oflober gave the confpirators fufficlcnt leifure to further 
their defign ; and, at convenient opportunities, thirty barrels 
and four hogfheads of gunpowder, which had been pro- 
cured from Holland, were conveyed into the cellar by 
night, and covered with billets, faggots, iron-bars, and 
(lories. This was done without cxci;ing any fufpiwon : 
parliament had again been prorogued to November jth ; and 
the coiifpirncy wore every afpe^ of fuceefs. It had now- 
been on foot eighteen months, and confided to more than 
twenty perfons; yet nothing had led a fingle ftep towards 
difeovery ; when the plan was happily fruflrated by a cir» 
cumflance apparently trivial. One of the confpirators, 
wifhing to fave lord Monteagle, font him a letter, adviling 
him, in ambiguous terms, to ablent himfelf from parliament, 
on account of a fuddemdanger to which he would be ex- 
pofed. This notice Monteagle carried' to the fecretary of 
Hate, who laid it before the privy. council. A fecret fearch 
was determined on, but, to prevent fufpicion, . was delayed 
till the eve of the meeting of parliament, and then made 
only by the lord chamberlain, as if in a formal difeharge of 
his office. When he entered the cellar, and faw the great 
llorc of coals and wood, he enquired to whom it belonged, 
and was informed the cellar was let to Mr. Percy, and 
the fuel was for his confumption. The chamberlain beard 
this with feeming carelefsnefs, and left the cellar with ap- 
parent negligence. But at mklnight a further fearch was 
made ; Guy Fawkes, a principal confpirator, to whom the 
final execution of the plot was afljgned, was apprehended in 
the cellar : the fuel was removed, and the gunpowder dif- 
eovered. Faw'kes gloried in the plot, but refufed to diL 
cover his accomplices ; the fight of the rack, however, 
fubdued liim, and he made a full difclofure of the whole 
confpiracy. His aflbeiates fled into Warw^ickfhire, where 
they endeavoured to excite a riling of the Catholics, but 
without effedt. A proper force was fent againt them, four 
v/ere killed in refiilance, and the reft were taken and brought 
to London, where, with Fawkes, they fuffered the juR 
punifhment of their guilt. In the year 1609, the city ac- 
quired a confiderable acceffion of power and property: 
almoft the whole province of Ulftcr, in Ireland, naving 
fallen to the crown, the king made an offer of the efeheated 
lands to the city, on condition they would eftablifh an 
Englifh colony there. The propofal was accepted ; and 
rapid was th.e colonization forwarded, that within feven 
years arofe the two capital towns of Londonderry and 
Coleraine. The commencement of Charles I.’a reign was 
marked by the return of the plague, which carried off in 
the metropolis 35,000 perfons. To advert to all the im- 
portant tranfadlions that took place in London during the 
eventful ftruggle between Charles and his people would far 
exceed our limits. The excefilve opprei&oni to which the 
nation was fiibjedled, were more particularly felt in the me- 
tropolis than in other parts of the kingdom, from its being 
more diredly within the vortex of riie ftar-chamber and 
high-conlmiffion courts, and from the efie^i of the mono- 
pmies, wbicbihad a moll pernicioui iuflueace on trade and 
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commerce. For the particulars of this important period, 
wc refer our readers to Clarendon’s Hiftory of the Great 
Rebellion. 

The year 166 j became memorable in London by the 
dreadful , ravages of the great Plague, which firft made 
its appearance in December 1664, and had not entirely 
ceafed till January 1666. Its progrefs, the firll two or 
three months, was comparatively fmall, but continued to 
advance, notwithftanding every precaution was ufed to 
abate its fury : from May to October 1665, it raged with 
the greateft violence; the deaths progreflively increafed 
from five hundred to eight thoufand weekly. The pefti- 
Icnce was now at its height : its ravages, which commenced 
in Weftminfter and the weftern fuburhs, extended through 
the city to Southwark, and to all the parifiies eaftward of 
the Tower. The digging of fingle graves had long been 
difeontinued, and large pits had been excavated, in which 
the dead were depoiRted with fome little regularity and 
decent attention : but now all regard to ceremony became 
impoflible. Deeper and more extenfive pits were dug, and 
the rich and the poor, the young and the aged, the adult 
and the infant, were all promifeuoufly thrown together into 
one comnion receptacle. Whole families, and even whole 
ftrects of families, were fwept away together. By day, the 
ftreets prefented a moil frightful afpe6l of defolation and 
mifery ; and at night the dead carts, moving with (low pace 
by torch-ligut, and with the appalling cry, « Bring out 
your Dead,” thrilled horror through every heart that was 
not by fufTering hardened to calamity. The (loppage of 
public bufinefs was fo complete, that prafs grew within the 
area of the Royal Exchange, and even in the principal (Ireets 
of the city ; all the inns of court were (hut up, and all law 
proceedings fufpended. The entire number.returned in the 
bills of mortality, as having died of the plague within the 
year, was 68,950 ; yet there can be no doubc that this total 
fell (hort, by many thoufands, of thofe who actually fell by 
the infection, but whole deaths were not officially recorded. 
The aggregate is efiimated at about 100,000. The whole 
number of deaths within that year, as given in the bills, was 
97,306. Since this dreadful period, the plague has entirely 
ceafed in London : a circumftance that mu ft be regarded 
36 the more remarkable, when it is confidcred how frequent 
had been its ravages for ages paft, and when reference is had 
to the bills of mortality for the preceding part of this very 
century, when fcarcely a year pafied without fome perfons 
falling vi^^ims to the infedtion. For further particulars, 
fee Plague. 

The moft important event that ever happened in this me- 
tropolis, whether it be confidcred in reference to its imme- 
diate effefts, or to its remote confequences, was the great 
Fire, which broke out in the morning of Sunday, September 
2, 1666, and, being impelled tiy ftrong winds, raged with 
irrefiftible fury nearly four days and nights, nor was it 
entirely maftciid till the fifth morning- The deftruftive 
extent of this conflagration was, perhaps, never exceeded in 
any part of the worW, by any fire originating in accident. 
Within the walls it confumed almoft five-fixths of the whole 
city ; and without the walls, it cleared a fpace nearly as 
extenfive as the one-fixth part left unburnt within. Scarcely 
a fingle building, tbat came within the range of the flames, 
was Mft ftanding. Public buildings, churches, and dwclling- 
lioafes were alike involved in one common fate ; and, making 
a proper allowance for irregularities, it may fairly be Hated, 
that the fire extended its ravages over a fpace of ground 
equal to an oblong fquare, meafuring upwards of a mile in 
ieagtbj and half a mile in breadth. I a the fummary ac- 
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count of this vaft devaftation ^iven in one of the mferip* 
tions on the monument, and which was drawn up from the 
reports of the furveyors appointed after the fire, it is dated, 
that the ruins of the city were 436 acres, viz. 373 acres 
within the walls, and 63 in the liberties of the city ; that of 
the fix>and-twenty wards it utterly deftroyed fifteen, and 
left eight others (battered and half burnt ; and that it con- 
fumed 400 ftreefs, 13,200 dwclling-houfes, 89 churches, be- 
fidcs chapels ; four of the city gates, Guildhall, many pub- 
lic ftruAiflres, bofpitals, fchools, libraries, and a vaft number 
of (lately edifices.” The immenfe property deftroyed in 
this dreadful conflagration could never be calculated with 
any tolerable degree of exaiSlnefs ; but according to tlie 
heft eftimations that have been made, the total value mull 
have amounted to the immenfe fum of ten millions of pounds 
fterling. As foon as the general confternation had fubfided, 
the rebuilding of the city became the firft objeft of coiifi- 
dcration ; an a< 5 t of parliament was paffed for that purpofe ; 
and though all was not done that might have been, the city 
was principally rebuilt within little more than four years, and 
that in a ftylc of far greater expence and regularity, and 
infinitely more commodious and healthful, than the ancient 
capital. In the fyftcm of tyranny and oppreflion whLh 
marked the reign of Charles II the city largely partici- 
pated ; having its ancient liberties and privileges invaded, 
and magiftrates arbitrarily forced on the citizen at tlie plea- 
fure of the king. Every principle of law and jufticc was 
violated ; and in this humiliating ftate Loudon continued 
till the revolution. 

j 1 finals of London from the Revolution in J 688, to the prefent 
Time. — In the firtl year of William and Mary, an ad was 
paflTed, by which all proceedings of former reigns againft 
the city charters were reverfed, and all the rights and pri- 
vileges «f the citizens were fully re-eftahlifticd In 1692, 
during the king’.s abfcnce in Holland, the queen borrov^ed 
200,000/. of the city for the exigencies of government. 
In 1694, an infamous fyftcm of bribery was inveftigated by 
the houfe of commons, when it was proved, that a thoufand 
guineas had been demanded and taken from the chamberlain 
of London by fir John Trevor the fpeaker, for forwarding 
the Orphan bill ; in conf^quence of which he was expelled 
the houfe. In 1697, an ad of parliament was pafled for 
the fupprcflion of the much abufed privilege of fauduary, 
heretofore attached to the folio ^ving places, viz, the fanc- 
tuary in the Minories, balilbury-court, Whitc-friars, Ram- 
alley, and Mitro-court in Fleet-ftrcct ; Fiilwoods-rci.ts in 
Ho’iborn ; Baldwin’s-gardens in Gray’s-inft-lane ; the Savoy 
in the Strand ; and Montague-clofe, Dcadman’s-place, the 
Clink, and the Mint^ in Southwark. The year 1703 was 
remarkable for a dreadful ftorm of wind, which raged 
through the night of the 26th of November. The damage 
fuftained by the city alone was eftiinatcd at two millions 
fterling ; and in the fuburbs the damage was proporiionably 
great : the lead on the tops of feverai churches was rolled 
up like llcins of parchment j and at Weftminllcr-abbcy, 
Chrift’shofpital, St. Andrew’s Holhorn, and many other 
places, it was carried off from the buildings. The (hips in 
the river were driven, from their moorings; four hundred 
wherries were loft ; more than fixty barges were driven foul 
of London^bridge, and as many more w'cre funk or ftaveti 
above the bridge. At fea the dellruftion was finmenfe-; 
twelve men of war, with more than eighteen hundred men 
on board, were loft within fight of their own (liore. The 
year 2709 was marked by a circumftance highly creditable 
to the humanity of the nation. The cruel ^predations oi 
the French in the palatinate compelled the inhabitants to 
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dcfert their conntry ; twelve thoufand, in the moil forlorn 
condition. Fought refuge in London : the queen, for Fome 
time, fupportca them oat of her privy purfe ; (he was after- 
ivardsauifted by the benevolence of her fubjedts, and 22,038/. 
waa paid into the chamber of the city for the relief of thefe 
diftrefled fugitives, who were finally difpofcd of as colonitts 
to Ireland and North America. 

The increafe in the population of the metropolis having 
cccafioned a great infufficiency in places for divine worfliip, 
an aft of parliament was paflcd in 17 ii for erecting fifty 
new churches in and about London : the expence of which 
was defrayed by a fmall duty on coals brought into the port 
of London for about eight years. The year 1720 will 
ever be famous in the annals of London, from the defiruc- 
tive fyftem of fpeciilation and fraud which hiftory has de- 
nominated the South Sea bubble ; and which fo completely 
infatuated the people, that they became the dupes of the 
moll barefaced impofitions. (See Bubble, in Commerce.) The 
direftors of the South Sea Company, encouraged by the pre- 
valent fpirit of avaricious enterprife, propofed to tlie govern- 
ment to take into their fund all the debts of the nation, under 
the plaufible pretext of a fpeedier redemption. The amount 
of the debts was 3 1,664,55 1/. ; for the liberty of adding the 
whole of which to their capital (lock, they offered to pay to 
the public the immenfe fum of 7,723,809/. This bait was 
too tempting to be refufed ; the plan received the fanftion of 
parliament, and the direftors were empowered to raife the rea- 
dy money neceffary for fo great an undertaking, “ by open- 
ing books of fubfeription, and granting annuities to fuch 
public creditors as were willing to exchange the fecurity of 
the crown for that of the South Sea Company, with the ad- 
vantage of (haring in the emoluments that might arife from 
their commerce,** So much was the public mindirapreffed 
with the idea of rapid gain, that before the aft received the 
royal affent, the company’s Hock rofe to 3 19/. per cent, : it ad- 
vanced fo amazingly for three months, that books were then 
opened for a frem fubfeription of four millions at loco per 
tent , ; and fuch was the popular frenzy, that within a fort- 
night the new fubfeription was at 200 per cent, premium. 
Some alarm now prevailed : it had been whifpered, that the 
direftors and their friends had difpoled of their own ftock 
while the price was at the higheft ; and all confidence id the 
ftabili^y of their credit was deltroyed. The cenfufjon be- 
came general ; every one was willing to fell, but no pur- 
chafers could be found, except at a vaft reduftion. l>if- 
traftion and difmay fpread through the city ; the ftock fell 
rapidly, and, before the end of the year, was reduced to 86 
per cent, which was about its real value. The deftniftion 
to public and private credit, thus produced, was exccfiive : 
all trade was at a (land ; and many of the moll rcfpvftable 
merchants, goldfmiths, and bankeVs of London, who had 
unwifely lent large films to the company, were obliged 
to abfeond. A parliamentary inveffigation enfued j and 
the knavery of the direftors was fo apparent, thdt the 
greater part of their cllates was confifeated for the benefit 
of thofe whom their villainy had ruined. The fum thus 
obtained amounted to 2,014,000/. 

Luring the continuance of the infatuation which the South 
Sea dclufion infpircd’into all claffes of people, many other 
vifionary projefts were fet on foot by fpoculators and gam- 
blers ; even chartered companies of cllablilhed credit lent 
their countenance to fchemes of impoflible accomplifiiment : 
nearly two hundred fubfeription projefts were afloat at one 
time. When the public confidence m the South Sea fcheme 
was on the decline, the fuperior liability of the bank of 
England, Eaft India, and African companies, was at once 
fecn ; Bank (lock rofe from 100 to 260 i Eaft India ftock 


from 100 to 405 ; and African ftock from 100 to 200. 
The (hares in the Londoi) and Royal Exchange AlFurance 
Companies alfo experienced a prodigious rile. See IN- 
SURANCE. 

The clofe of the year 1729 was attended by a great 
mortality in London ; the deaths within the bills of mor- 
tality in the courfe of the ye«1r amounting to almoft 30,000. 
The pernicious habit of dram-drinking had become lo gene- 
ral, and fo many diforders had been cccafioned, and crimes 
commited in confequence of it, that in the year 1736 the 
legiflature found it neceffary to prohibit the felling of Ge- 
neva, except under certain rcllriftions. Previous to this, 
the magiftrates had afeertained that the number of gin-(hops 
in London andWellminller was 7044, befidea garrets and cel- 
lars where the baneful liquor was fold privately. So deter- 
mined were the retailers to carry on their trade, that the 
utmoft exertions of the police were required to enforce the 
aft ; and within two years, 12,000 perfons were convicted 
and fined under its provifions. 

The winter of 1739 — 40 was memorable from the oc- 
ciiri*ence of one of the moft intenfe frofta ever known in 
this country, and which is recorded in our annals by the 
appellation of the Great Froft ; it commenced on Chrillmas- 
day, and tailed till the 17th of February : above bridge the 
Thames was completely frozen over, and numerous booths 
were erefted on it for felling liquors, &c. to the multitudes 
who daily flocked thither. Great improvements were now 
made in different parts of the metropolis ; and convenience, 
health, and fafetv, were more generally attended to than 
they had previoully been. Weftminfter bridge was finilhed 
and opened for public ufe in the year 1 750 ; the houfes 
upon London bridge were pulled down in 1756 ; and in the 
two fucceeding years the bridge was put into a courfe of 
repair. In 1760 Black-friars* bridge was commenced; 
moft of the city gates were taken down ; and an aft of par- 
liament was obtained for making alterations in the avenues 
of the city and its liberties ; fome of vuhicli have been car. 
ried into effeft at different periods, yet many others remain 
to be executed. In the year 1763, the recent peace wnth 
France, the refignation of Mr. Pitt, afterwards earl of 
Chatham, as premier, and other political occurrences, fet 
the metropolis into a complete ferment. The coridiift of 
adminillration was fuch, as to augment rather than obviate 
the prevailing difeontents^ Hence the miniftry were affailcd 
with politicalpublications ; in particular by a periodical pa- 
per called *‘The North Briton ;** the writers of which, ihe 
principal of whom was John Wilkes, were determined to 
expofe tlip meafures of the tlien adminiftraiion to the con- 
tempt they deferved. I'he forty-fifth number of this paper 
contained fuch feverc refleftions on the king’s fpeech to 
parliament, that tlie miniftry thought they had an oppor- 
t unity to crulh their avowed enemy. Mr. Wilkes was 
appreliended and committed to the Tov^er under an illegal 
warrant, figned by the principal fecretary of ftatc ; but the 
cafe being argued in the court of Common Plea-*, before 
lord chief juftice Pratt, the court direfted him to be dif- 
charged. Mr. Wilkes brought aftions againft the earl of 
Halifax, fecretary of ftate, for iffuing tlie warrant, and 
againft Mr. Wood, undcr-fecretary, and obtained verdifts 
with damages ; 4000/. from the former, and 1000/. from the 
latter. ^Shortly after his releafe, Mr. Wilkes cllablilhed a 
printing-prefs in his own houfe, and republilhed all the num- 
bers of the obnoxious paper. This provoked the miniftry fo 
highly, that an information was filed againft him. llie 
North Briton, No. 45,** was voted by the houfe of com- 
mons to be ,a feditious libel, and ordered to be burnt by the 
common hangman. Mr. Wilkes was expelled the houfe ; 
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mA tltough he retired to France, his trial was brought on in 
hit abfence, when he was found guilty of republiltung the 
libel, and was confeqiiently outlawed. Four years afterwards 
he returned to England, his outlawry was reverfed, and he 
was fentenced to two years imprifonment } during which he 
was eledted an alderman of London, and knight of the (hire 
for Middle fex. 

In the year 17 So, from a caufe apparently harmlefs, a 
petition to parliament from the Proteilant Afrociation,arore 
an iniurredtion, compofed chiefly of the loweit of the peo- 
ple, which for a week bore the molt alarming appearance ; 
the prifons of Newgate, the King’s Bench, and the Fleet 
were burnt and the prifoners fet at liberty, and inult of them 
joined tlie infurgents. The Popi(h chapels, and a great 
number of private hoefhs of Catholics, were fet on lire : 
and thirty fix fires were feen blazing at one time in various 
parts of the metropolis. Military interference became ab- 
folutely neceffary, when many of the rioters were killed ; 
135 were brought to trial, of whom 59 were convidled, and 
upwards of ao of the mofl adtive were executed in various 
parts of the town, but immediately contiguous to the feenes 
of their refpedlive depredations. 

During the year 179a, and the two following years, the 
metropolis was greatly agitated by political contention ; many 
aifociations were formed for the purpofe of obtaining a more 
pure and equal reprefentation of the people. The two princi- 
pal of thefe affociations, wx. the Friends of the People, and 
the Corrtfponding Society, held their meetings in London. 
Their avowed objedt was parliamentary reform ; but they were 
ftigmatized by their enemies with the appellations of Repub- 
licans and Levellers. Some of the mod adlive and powerful 
leaders of thefe afibciations were at length arreiled, and tried 
for high treafon, but after a long invefiigation all were ac- 
quitted. Other perfons, among whom was Thomas Paine, 
were profecuted for fedition, and fome were imprifoned. 
Paine was pronounced guilty of writing and publilhing the 
fecond part of the Rights of Man, which was declared fedi- 
tious, and the author having left the kingdom, was outlawed. 
The numerous clubs, debatiag focieties, and political affo- 
ciations formed in the metropolis foon after the revolution in 
France, and during the early ilages of the war againfi that 
country, conftitute a prominent epoch in the hillory of the 
metropolis. The country was hurried on to the very brink 
©f revolution 5 but this great crifis was prevented by the 
vigilant, powerful, and determined conduct of the Pitt admi- 
nifiratiou. An Alien was palTcd in 1793, the Habeas 
Corpus aft was fu^ended in the next year ; and various 
arbitrary and opprefiive meafures w'ere adopted by the mi- 
■iftry to preferve public tranquillity, but at the fame time 
abridge toe rights of the Britifh fubjects. 

The year 1797 was diftinguiihed by the (loppage of bank 
payments in fpecie, as the government had employed nearly 
all the current coin in remittances to the emperor of Ger- 
many and to other foreign powers. An af^ of parliament 
waa now paiTed to allow the bank to ilTue notes under five 
pounds. At the commencement of 1708 a numerous meet- 
ing of the bankers, merchants, and traders of London, was 
held in the Royal Exchange for the purpofe of raifing a 
voluntary fubfeription for the public fervice. In the courfe 
of four days the common council alone fubferibed iO|OOo/«, 
1200, 000/. was fubferibed by the bank, confiderable fuma 
were gi«en by other public companies, and 20,000/. was 
advanced by his maje(ty« The minifler ciiimated this fub- 
feription at one million and a half, but the total amount was 
more than two millions of money. Continued threats of 
invafioii from France induced the minifier to adopt fome 
mtw aaode of defence ; and {evend armed affociationi were 
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formed by different pariihes and companies in the metropolis* 
On the i^th of Juiie, 1799, all thefe volunteers were 
affembled in Hyde Park, and reviewed by his majefiy, the 
princes, flee. The total number under arms was 8989, 
of which 1008 were cavalry. On the aid of the lame 
month, a Hill greater number of volunteers was difpcrfed 
through the ftreets, fquares, and fuburbs of the metropolis, 
to be infpedled again by the king, and a numerous retinue 
of princes, dukes, flee. It is dated, that 12,208 volim- 
teera were then drawn out under arms. A fimilar review of 
the volunteers to the former, took place on the 4th of June 
1800. On the ratification of preliminaries of peace in OAo- 
ber, I Sot, the metropolis was brilliantly illuminated, and all 
claffes of people tefiified great joy at the event. The defi- 
nitive treaty was figned on the 27th of the following month, 
and the illuminations throughout London were now fingu- 
larly fplendid and general. A war again broke out, and an 
2L&, of parliament was pafTcd to enable his majefiy to arm 
the people en majft. Other afts for increafnig the military 
force of the country were alfo pafTed. The cities of Lon- 
don and Wefi minder, and pariihes immediately adjacent, raifed 
a volunteer force amounting to 27,077 men. A patriotic 
fund was eftabliihed in London in July 1803, and before 
the end of Augufi more than 152,000/. were fubferibed ; 
towards which the city, in its corporate capacity, gave 
2500/. I'he fucceflive deaths of lord Nclfon, Mr. Pitt, 
and Mr. Fox, produced great fenfation in the metropolis, 
and many changes in tVie legiflative officers. Covent Garden 
theatre and feveral contiguous lioufes were coni'umed by 
fire in September 1808 ; another fire in January 1809, de- 
firoyed part of the king’s palace at St. James’s, and a third 
fire, in February of the fame year, confumed the whole of 
Drury-lane theatre. The Odicber pf 1809 is memorable 
in the annals of London, for the circumfiance of his ma- 
jefty’s entrance into the fiftieth year of his reign, and the 
loyal rejoicings, or public manifeftations of loyalty that were 
dilplayed on thcoccafion. The memorable and unpropitious 
expedition to Walchcrci), the theatrical riots at Covent Gar- 
den theatre, the invefligation, before the houfe of commons, 
relating to the duke of York and a noted profiitute of the 
name of Clarke, the arrcil and imprifonment of fir Francis 
Burdett, a member of the houfe of commons, are all me- 
morable events in the local hiftory of London, and arc 
entitled to particular narration and ex portion in a publi- 
cation devoted to the topography of the metropolis. In 
Brayley’s Survey, already refeuTed to, thefe fubjedls are par- 
ticularized and elucidated. It is conjedtured that within 
the laft forty years, 40,000 new houfes at Icaft have been 
cfefted in London and its connedfed environs, and that thefe 
afford habitation for nearly 200,000 new inhabitants. In 
July, 1794, a fire broke out in RadclifFc highway, and con- 
fumed 630 houfes, with much other property. Many of the 
inhabitants fixed tents in the open fields, where they lived 
for feveral weeks till new houfes were credted. 

Hyiory of the Commerce of London, — 

« Then Comm ICRCE brought into the public walk 
The bufy Merchant ; the big Warthoufe built •, 

Rais’d the ftrong Crane ; choak’d up the loaded Street 
With foreign Plenty j and thy Stream, O Thames, 
Large, gentle, deep, majellic king of floods I 
Chofe for hia grand refort.” Thomlon. 

London is univerfally acknowledged to be the firfi com- 
mercial, as well as the firii mannfadturing city in the world- 
Confidering, therefore, the intimate counedtion that fubfifia 
between its trading profperity and the general interelis of 
the empire i the lubjeft of this feftion cannot fail to be 
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liighlf intcrefting md important. To trace the ftepa by 
which London has rifen to its prefent opulence and gran- 
deur} is in fa6l to develope the (ources of that diftinguiftied 
rank which England now holds among the nations of the 
earth. 

London was, douhtlefS} a place of confiderable trade at a 
Tery early period. Tacitus Ipeaks of it as the noblle mpo- 
rium of his time ; the great refort of merchants, and though 
not a colony} famous for its commercial iutercourfe. After 
this, little is known of it, in refped to trade, until the clofe 
of the fecond century of the Chriflian era, when it is again 
mentioned as having become “ a great and wealUiy city/* 
In the year 359, it is faid of England, that its << commerce 
was fo extended, that 800 veffels were employed in the port 
of London for exportation of corn only.** Three cen- 
turiea afterwards Bede ftyles it « an emporium for many 
nations repairing to it by land and fea.*' Fitz-Stephen, 
who lived in the reign of Henry II. fays, that « no city 
in the world exports its merchandiac to fuch a diftance 
as London ;** but does not inform us what goods were ex- 
ported, or to what countries they were carried. Among 
the imports, however, he enumerates gold, fpices, and frank- 
incenfe from Arabia ; precious (lones from India ; and palm- 
oil from Bagdad. But it Teems more reafonable to fuppofe 
thefe were obtained through the medium of the trading 
cities of Italy, than by direft commerce to the refpc£Iive 
places. William of MalmCbury, who likewife lived about 
this period, calls London a noble city, renowned for the 
opulence of its citizens,* * and filled with merchandize 
brought by the merchants of all countries.** The fame author 
adds, that in cafe of fcarcity of corn in other parts of 
England, it is a granary, where it may be bought cheaper 
than any where elfe.** Thus it will be perceived, th|t even 
in the infancy of European commerce, and at a time when 
ignorance and barbarifm clouded almoft every portion of the 
world, this city had made no inconiiderable progrefs towards 
its prefent celebrity and importance. 

In the year 1220, the merchants of Cologne, in Germany, 
probably in coTifequence of an invitation from king John 
in 1203, efiablifhed a hall or factory in London, which 
(horily after became the general factory of all the German 
merchants refident in the city. Net long fubfeejuent to this 
period, VIZ. in 1 245, fea coal “ carbone maris,** is meotioDed 
among the articles of inquifition into trefpafies committed 
in the king*6 forefts. Hence it may reafonably be infbried, 
that coal was not only known and wrought before this, time, 
but a£lually formed a part of the imports of London. 
Sea-coal lane, in this city, was certainly fo named as early 
as the year 1253, according to Stow, received this 
appellation from lime being burnt there with fea-coal. 

The clofe of the thirteenth century appears to have been 
a remarkable era in the commercial hifiory of London, In 
1296, the company of merchant-adventurers was firfl incor- 
porated by Edward 1 . The Hanfards, or Hanfe mer- 
chants, alio received confiderable privileges about the fame 
time. In the year 1498, when all direA commerce with the 
Netherlands was fufpended, this body obtained very great 
advantages over the merchant adventurers by importation of 
a*afl duantities of thofe articles, through the medium of the 
'Hanle towns, which before had come dire<;l]y from the Ne- 
therlands. w^re the trade of tlie latter company bad been 
chieily e^bltfhed. In confequence of thefe circumftancea, 
the warchonfei of the merchants were attacked and rifled by 
the mob | but the offender^ were foon fupprefled, and many 
of them puniftied. 

In the year 1^04, all the ancient privileges of the Hanfe, 
w as they were Ukewife called, Steel-yard mei'chants, were 


confirmed to them by ftatute, and all the previous aAs whicU 
had been made in derogation of them were annulled. A 
fimilar charter was alfo obtained by the Englifh merchants 
** trading in woollen cloths of all kinds to the Netherlands," 
in which they are for the firft time ilyled the Fellowfliip 
of merchant-adventurers of England.** This adt ftriAly 
prohibited the Steel-yard aflbeiation from interfering witn 
their trade, by carrying cloths to any of their fettlements in 
the Low Countries. Notwithftanding thefe unfavourable 
claufes, however, the Hanfe-merchants feem to have engrofled 
the chief trade of the city. Grievous accufations were con- 
fequently made againfi them, for their proceedings were con< 
fidered as tending to ruin the commerce of the native 
Englifh. The city of London at length inflituted an adtion, 
in the Star-chamber, againft them, Uie objedl of which was 
to deprive them of their privileges as a body. Accordingly, 
in the year lypy, a' decree was obtained, annulling their 
afibciation, ana ordering them, under fevere penalties, to quit 
the kingdom. See Hakse Towns* 

But to return : it may be proper to remark, that during 
the contentions* between the houies of York and Lancafter, 
the commerce of London was very confiderably retarded. 
In the reign of Henry VII. it again began to make rapid 
progrefs. Still, however, if credit is to be given to ViTheel- 
cr*s Treatife on Commerce,** publifhed in 1601, the trade 
of this city mull; have been very low indeed, even as late at' 
the year 1539; for that author exprefsly avers, that fixty 
years befote he wrote, there were not above four merchant 
velTels exceeding 120 tons burthen in the river Thames. 
Nor would it appear that they had increafed much in the next 
reign, if we are to believe the report of a London merchant, 
who, in a letter to fir William Cecil fays, that there is not a 
city in Europe << having the occupying that London hath, 
fo flenderly provided with (hips.** 

Notwithilanding thefe complaints, however, it is undoubt* 
ediy a faft, that a fpirit of enterprife was very general among 
the merchants about this period. For, in X553, we find a 
great geographical and mercantile difeovery made by a com* 
pany, confiding of 240 fhareholders, in diluted for the pur- 
pofe of profecuting difcoverics under the diredlion of Sc* 
badian Cabot, a merchant of Bridol. (See Cabot, Sbbas* 
TiAN.) This afibciation having fitted out three Ihips, one of 
them accidentally fell into the bay of St. Nicholas, in the 
White feas, and landing at Archangel, obtained from the 
czar of Riifiia peculiar privileges of trade with the fubje6ti 
of his dominions. Within a few years after, the London 
merchants had alfo factors fettled at the Canaries. The 
Rulfia or Mufeovy merchants were incorporated in the reign 
of Philip and Mary, and had their charter fubfequently con* 
firmed by Elizabeth, in her eighth year. This pnneefs, 
likewife, obtained an exclufive grant to the Englim of the 
whole foreign commerce of that extenfive empire, which 
they continued to emoy for a confiderable period. About 
this time the civil dilTentions in Flanders begmn, upon which 
a vad number of families from the Nethenands flocked to 
London, and brought over with them their trade and riches* 
This great addition to the population of the city, and the 
confequent increafe of its commerce foon after, led to the 
eredion of the Royal Exchange, by the celebrated fir Tho* 
mas Grcfham, in the years 1566 and 1567. (See Koyax* 
Exchange*) Previous to this the merchants were accuftomed 
to meet twice every day^ in Lombard-ftreet, without any 
other refuge from the feverities of the weather but what the 
neighbouring (h^i might occafionally afford* In 1579s 
the Levant, or Turkey Company, wu edablilhed, as was 
alfo tlie F^adland Company ; both of which dill exift, but 
the former only retains any degree of importance. On the 
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of December, 1600, tlic queen granted tbe firll patent 
to the Eaft India Company. Their ftock then amounted to 
74,000/. and with this fum the company was enabled to fit 
out four (hips under the command of James Lancafter. 
The adventure proving fuccersful, the company continued 
its exertions, and hence has arifen the moft fplendid and 
powerful mercantile affociation that probably ever exifted 
in the world. (See Company, Ee^ India.) Affurance 
and infurance companies were now eftablifhed in London. 
An aA was pafTcd in 1601 for regulating the bufinefs of 
affurance^ and a ftanding commifllon of merchants appointed 
to meet weekly at the office of infurance on the weft 
fide of the Royal Exchange.** (See Insluance Companies) 
The company of Spanim merchants were likewife among 
the number of thofe incorporated by Elizabeth, fo that the 
reign of that princefs may be julUy faid to form a grand 
era in the commercial hiftory of this metropolis. 

In the reign of James 1 . the progrefs of the foreign trade 
was rapidljr increafed. Tobacco, which had firlt b^en in- 
troduced in Tiow became a confiderable article «f 

import. (Sec Tobacco.) The tonnage and number of 
the (hipping in the port of London were greatly augmented 
about this time. Many of the patents granted by Elizabeth 
were annulled, and tlic trade thrown open. Howe, fpeak- 
ing of the foreign commerce of this city in the year 1614, 
fays, “ London, at this day, is one of the beft governed, 
moft richeft, ami flounffiing cities in Europe ; plenteoufly 
abounding in free trade and commerce with all nations ; 
richly ftored with gold, iilver, pearl, fpice, pepper, and 
many other Jirange commodities from both Indies ; oyles 
from Candy, Cyprus, and other places under the Turk’s 
dominion ; ftrong wines, fweet fruits, fugar, and fpice, from 
Grecia, Venice, Spayne, Barbaria, the iflands and other 
places lately difeovered and known 5 drugs from Egypt, 
Arabia, India, and divers other places ; filks from Perfia, 
Spayne, China, Italy, &c. ; fine linen from Germany, Flan- 
ders, Holland, Artois, and Hanault; wax, flax, pitch, 
tarre, maftes, cal^les, and honey, from Denmark, Poland, 
Swethland, Ruffia, and other northern countries ; and the 
fuperfluity in abundance of French and RheniQi wines, the 
immeafurable and incomparable inercafe of all which coming 
into this city, and the encreafe of houfes and inhabitants 
within the terme axd compafTe of fifty years, is fuch and fo 
great, as were there not now two-thirds of the people yet 
hving, having been eyc-witneffes of the premifes and bookes 
of the cuftom-houfe, which remain extant, the truth and 
difference of all things afore-mentioned were not to be julli- 
fied and bdieved.** Howe’s edition of Stow’s Annals of 
England, p. 868. 

Among ‘the circumftances which occafioned the vaft in- 
ercafe of trade during this reign, may be reckoned the 
colonization of America and the Weft India iflands. The 
new difeoveries, likewife, which were every day made in 
different quarters of the world, no doubt had a powerful 
rffedt in llimulating numbers of fpeculating perfons to com- 
mercial exertion and adventure. 

During the peaceful years of Charles I. the commerce of 
this metrlipolis ftill continued to make' rapid progrefs ; and 
though the civil wars, for a time, had a very contrary opera- 
tion, yet in the end ihey certainly proved beneficial. The 
energies of the mind were more awakened ; the habits of 
thinking and modes of action, which then became general, 
taught man to feel his dignity as an individual ; the different 
ranks of fociety were more clofely drawn together ; the ex* 
ertions of induftry were better directed ; and the means of 
acquiring wealth greatly augmented. The injurious ten- 
dency of monopolies was eminently counteraAcd \ forj 
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though never aboli(hed by any direft ftatute, men, rcgardlefs 
of the prerogative whence they were derived, gradually in- 
vaded the privileges they conferred, and commerce was 
increafed by the inercafe of liberty. 

The augmented commerce of the port of London, in this 
reign, may in fome meafure be eftimated by the quota of 
(hip-money, which Charles 1 . impofed on the city in 1634. 
By one writ, the citizens were ordered to fit out and equip, 
at their own charge, for 26 weeks, one (hip of 9^0 tons 
and 930 men, one of 800 tons and 260 men, four of 500 
tons each and 200 men, and one of 300 tons and 150 men. 
Next year they were commanded to provide two (hips of 
800 tons and 3 20 men each. About this time, or at Icaft very 
(h or tly before, prices-current were firft printed. In t63y, 
an order was iffiied by the king in council to thd polt- 
mafter of England for foreign parts,** requiring him to 
open a regular communication, by running poft between the 
metropolis and Edinburgh, Ireland, and a variety of other 
places. 

''Previous to the year 1640, it was ufual for the merchants 
to depofit their cafli in the Tower mint ; but this dcpofit 
now loll all its credit by the ill-advifed meafure of a forced 
loan, which the king thought proper to make. The mer- 
chants, in confequence, found ihemfelvcs obliged to truft 
their money to their apprentices and clerks. The circum- 
ftances of the limes and opportunity holding forth great in- 
ducements to frauds, many mafters loft at once both their 
fervants and their money. Some remedy became neceffary ; 
and the merchants now began to lodge cafli in the hands of 
the goldfmiths, whom they alfo comniilTioncd to receive and 
to pay for them. Thus originated the pradlice of banking : 
for the goldfmiths, foon perceiving the advantages that 
might be derived from difpofable capital, began to allow a 
regular intereft for ail fums committed to their care } and, at 
the fame time, they commenced the difeounting of mer- 
chants' bills at a yet fuperior intcrell than what they paid. 
(See Bank and Banking.) In 16^1 the celebrated navi- 
gation a6l was palled, the wife provifions of which have no 
doubt contributed much to promote our naval and com- 
mercial great nefs. This fame year, coffee was introduced 
into London by a Turkey 'mercliant named Edwards. (See 
Coffee.) The fugar trade was now likewife eftablifhed ; 
and upwards of 20,000 cloths were fent annually to Turkey, 
in return for the commodities of that country. 

The plague, which made fuch dreadful havoc among the 
citizens in i66^, almoft wholly fufpended the commerce of 
London ; infomuch that fcarcely a fiiigle foreign veffel en- 
tered the port for the (pace of three years. The great fire,, 
which happened in 1666, likewife occafioned incalculablo 
lofs to numbers of the moft opulent merchants in the city. 
Notwithftanding thefe difailrous events, however, the fpirit 
of the furvivors, fo far from linking, was roufed to un- 
common exertions. In the courfe of a few years, the city 
rofe from its allies with greater magnificence and fplendour. 
India muflins were firft worn in 1670, and foon became pre- 
valent. In this year alfo was tlie Hudfon'’8 Bay Company 
cftablilhed, with very extenfive pow'crs. The Greenland 
Fiftiing Company was incorporated in tjhe year 1693; and 
the inilitntiotj of the Bank of England rendered the fuc- 
ceeding one juftly memorable in the commercial annals of, 
London. See Company. 

The commerce to the Eaft Indies having become vaft ly 
enlarged, and many difputes arifing relative to exclullve 
trade, a new joint (lock company was incorporated in Lon-< 
don, in the year 1698, by the name of “ The Englifh 
Company trading to the Eaft Indies.)* The exiftence of 
two rival companies having the fame privileges, however, 
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foot! gaYC birth to numerous abfurditiei and eontradiAory 
queilions of right. Thefe circumftances, and fome others 
which it is unneceflary to detail in this place, eventually pro- 
duced the confolid^tion of both into one, in the lirft and 
feventh years of queen Anne, by the title of « The United 
Company of Merchants trading to the Eaft Indies.” See 
CoMPANi£9> £npii/b, the Enfl India, vol. ix. for a full 
account of this eliablifhment. 

The number of velTels belonging to the port of London, 
as appears from returns made to circular letters from the 
commiilittners of the cuftoms, amounted, in 1701, to 560; 
carrying 84,882 tons and 10,065 men. In 1710 the cuf- 
toms of this city are ftated at 1,268,005/., and thofc of all 
the out-ports only at 346,08 1 /. , which is more than three 
and a half to one. The following year beheld the incor- 
poration of the South Sea Company, afterwards fo baneful 
m its effects to numerous individuals, and fo generally hurt- 
ful to the commercial enterprife of the country at large. 
The Royal Exchange Aflurance and the London Alfurance 
Companies were chartered about the fame time. 

Daring the reign of George I. the trade of London made 
very little, if any, progrefs. The failure of the South Sea 
Ccheme, the rebellion in Scotland, and the Spauilh war, 
were the combined caufes which operated to produce its re- 
tardation. In the year 1732, however, commerce began 
again to revive ; but its advances continued comparatively 
flow, till the* peace of Aix-la-Chapcllc in 1748, after 
which it extended with uncommon rapidity. The next 
conliderable check it fullained was the refult of the Ame- 
rican war. No fooner, however, was peace lignrd than it 
proceeded with renewed vigour. The grievous confequcnces 
which many perfons apprehended to our trade, from the 
declaration of the independance of the United States, were 
only imaginary. For, even fo foon after that event as the 
year 1784, the value of exports to America only had in- 
creafed to 3>397»5oo/., fomewhat more than 332,000/. 
above the grcaiell amount in any one year before the war. 
The net lum of duties levied in the port of London, and 
paid into the exchequer this year, arofe to the vaft futti of 
4,472,091/. 13J. 3//. From this period to 1793, when the 
French revolution began, the commerce of London con- 
tinued uniformly increafiiig. In that year, however, the 
value of exports was upwards of two millions Icli than 
in the preceding year; though the imports fearedy fuf- 
fered any diminution. Numerous bankruptcies confcquently 
took place ; but the timely interference of the Icgiflature, and 
the voting of exchequer bills tp the amount of 5,000,000/. 
for the ufe of fuch perfons as could give fufficient fecurity, 
foon checked the growing diftrefs. 

In the courfe of the three fucceeding years, the appear- 
ance of . things was entirely altered. In 1796 the exports 
of London amounted in value to 18,410,499/. 17#. 
and the imports to 14,719,466/. lyj. 7</. The number of 
Britifh (hips that entered the port amounted to 2007, car- 
rying 436,843 tons; and 2169 foreign vcflTcls, carrying 
287,142 tons. The total entering coaftwife was H)i7oi 
including repeated voyages, which made a tonnage of 
1,059,915. The following year, fomc alarm was Ipread 
among the merchants by the ftoppage of the bank payinenU 
in fpecie ; but, through the intervention of parliament, con- 
fldeuce was foon reflored. The net amount of the cuiloma 
was 3.950,608/. In 1798 the importations of fugars and 
rum far exceeded thofe of any preceding year, as did like- 
wKe the revenue of the cuftoms, which amounted to the 
fum of 5,321,187/. 7x. Ii> 1799 it had increafed to 
7,226,353/. ox. !</., Welt India per cent, duty included ; 
but next year fell to 6,468,655/^ 13X. 7</. The oJicUd 


319 

value of the imports, in 1800, was i8,843*i7*(- ladfi; 
and of the exports, 25,428,922/. i6x. •jd. Their real value 
amounted in all to 68,000,000/., nearly two-thirds of the 
value of the whole trade of the kingdom. The number of 
vefiels belonging to the port in that year appeared, from 
official doettments laid before parliament, to be 2666, car- 
rying 568,262 tons, and 41,402 men. Comparing this 
number with the number returned in the beginning of the 
lall century, the increafe will be feen to be aftonifhing. On 
the quantity of tonnage, it is nearly in the proportion of fix 
to one; and on the amount of men and (hips, as upwards 
of four to one. The Eaft India Company’s fhips alone 
caray more burthen, by 2 I,j 66 tons, than all the veffels of 
London did a hundred years ago. The average number of 
fhipS in the Thames and docks is 1 100, together with 300O' 
barges employed in lading and unlading them, 2288 imall 
craft engaged in the inland trade, and 3000 wherries for 
the accommodation of paffengers; 12,000 revenue officers 
arc conftantly on duty in different parts of the river ; 400a 
labourers are employed in lading and unlading, and 8000 wa- 
termen navigate the wherries and craft.. See Docks and 
CoMPAljJlES. 

The Port of London, as adtially occupied by fhipping^ 
extends from London bridge to Deptford, being a diftance 
of nearly four miles, and from four to five hundred yards in 
average breadth. It may be deferibed as confifting of four 
divifions, called the Upper, Middle, and Lower Pools, and 
the fpace between Limehoufc and Deptford : the Upper 
Pool extends from I^ondon bridge to Union Hole, about 
1600 yards; the Middle Pool, frqm thence to Wapping 
New Stairs, 700 yards ; the Lower Pool from tlie latter 
place to Horfe-ferry Tier, near Limehoufc, 1800 yards; 
and the fpace below to Deptford about 2700 yards. When 
the houfe of commons commenced an inveftigation’refpeft- 
ing the port of London, the land accommodations were found 
to confift of only the legal quays and the fufterance wharfs. 
The former were jippointed in the year 155^* under a com- 
mifllon from the court of exchequer, authorized by an a6i 
of the fil'd year of Elizabeth, for the exclufivc land- 
ing of goods, fubjeCt to duty : , they occupy the north bank 
of the river Thames, with fome interruptions, from London 
bridge to the weftern extremity of Tower ditch ; . the whole 
frontage meafuring about 2464.: feet. Till of late years 
thefe quays conftituted the whole legal accomtnodation for 
the prodigious ftiipping trade of London ; though from the 
increafed lize and tonnage of merchant veffels, ^c. the depth 
of the river in this part wa*! found too fhallow to admit of 
that fpeedy clearance which the trading and mercantile inle- 
refts require. The commiffioners of the cuftoms, therefore, 
ocoafionaliy permitted the ufe of other landing places, which 
were thence called Sufferance wharfs, .and of which five were 
iitirated on the north fide of the river, between the Tower 
and Hermitage Dock, and eighteen 011 the oppollte fide : 
the whole having a frontage of 3 f^ 7(5 Notwithftand- 

ing thefe additional conveniences, the whole number of quays 
was Hill very far from poffefling iufficient accommodation 
for the increafed trade; and more efpecially in timesof war, 
when large fleets of merchantmen arrive at once. > The nu- 
merous evils arifing from this want of. a fufficient fpace for 
(hipping and landing goods, and among wliich, the mono- 
poly throv^n into the hands of the few legal quays was not 
the leaft, were for many years fubjedls of vexation and com- 
plaint, So long ago as 1674, the merchants of London 
petitioned the honfe of commons for redrefs againft axom- 
bination, which the whole body of wharfingers had entered 
into; and, in the year lyti, when the tonnage of the 
vsffels belonging to London did not auipunt to onc-third 
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pmtt of wliat it doet now, the commilRonew of the cuftoms 
tecommendedf to government to make a legal quay at Bridge 
yard, on the (buth fide of the river ; but it was never exe- 
cuted. About the year 176a, the court of eicheauer di- 
•rented a part of the Tower wharf to be converted into a 
legal quay ; but this plan was relinquifhed. The conftruc- 
tion of Wet docks had been recommended as the bett 
expedient for obviating the vaft lofs and embarrafTment 
arifing from the encumbered (late of the quays and wharfs, 
and from the immenfe crowding of the veflels on the river ; 
and through the various fchemes which were about this time 
offered for the purpofe, dec. the houfe of commons was in- 
duced to appoint a committee ; the buiinefs of which has 
been to inquire into the beft mode of improving the port, 
Sind render it completely adequate to the prefent and proba- 
ble commerce of London. The mod (kilful engineers and 
furveyors have been employed ; whofe reports, plans, &c. 
with the opinions and ftatements of various merchants and 
other perfons, have been printed by order of the houfe of 
commons. Thefe reports conftitute fcveral volumes in 
folio; and are peculiaily interefling and curious. Sir Fre- 
deric Eden publiihed a pamphlet on the fame fubjedt, en- 
titled Porto-Bello, or a plan for the improvement of the 
port and city of London ; illuftrated by plates,” 8vo. 
1 798. For a-particular account of the various branches of 
commerce, commercial companies, and other objedls con- 
nedted with the fame, the reader is referred to the words 
Docks, Companies, East India Tradt^ West IndiaTt/i^^. 

Cuflom Houfe . — On the north bank of the Thames, weft 
of the Tower, is a large building, appropriated to fuch 
officers, clerks, tide-waiters, &c. as are immediately con- 
cerned in received the king’s duties on the exports and im- 
ports of commerce. The prefent building was creded in 
1718, on the feite of another which had been deftroyed by 
fire. It is 260 feet in front ; and when eredted was deemed 
amply fufficient for its deftination. It has proved, however, 
very inadequate to the increafed cuftoms and bufinefs of the 
port ; and to the vaft commerce of London. After various 
furveys and reports made on the fubjedl, it has been recently 
determined by the cornmiflioners of the cuftoms, that a new 
cuftoui-houfc ftiall be erected, upon fuch a fcale, and 
provided with fuch numerous and various accommodations, 
as to meet the exigencies and demands of government. Mr. 
David Laing, architect to the cuftoms, having furniftied de- 
figns for a new edifice, and the fame being approved, it is 
intended to proceed with the building immediately. The 
feite is from the'wt?ftern fide of the prefent edifice to Bil- 
Ungfgate quay ; and its whole extent will conftitute a range 
of 480 by 96 feet. In the centre is to be the long room, 
of 190 feet by 67. The whole building w'ill accommodate 
650 officers and clerks, the number employed here ; alfo 1050 
tide-waiters, and other inferior fervants. The lower Door is to 
confift of bondage vaults, over which are to be numerous 
apartments for officers and offices ; and above thefe are to be 
feveral others, with- the long room already noticed. The 
water front is to be of ftone, with Ionic columns at each wing, 
and the centre will be crowned with a large dome over the 
long room, with ficy-lights tind ventilators. It is but jiitlicc 
to lay that the defigns are creditable to the tafte and Icicnce 
of the archil The quay in front of the building is to 
be enlarged by filling up a part of the river. A new* wall 
and quay are to be formed from the Tower to Billingfgate 
wharf, and numerous improvements will be made in the con- 
tiguous ftreets and lanes. Tlie river, at this place, is about 
no feet deep at high water mark. The bufinefs of the 
cuftoms is managed by nine commiffioners, whole jurifdic* 
lion extendi over all tm porta of England. 
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ManufaBurn of London has long been cele* 

brated for iti manufadurea as well aa for its commerce. In 
the year 1^27 the Skinners were a very numerous and rich 
clafs of citizens, manufa£turing ** fables, lucerns, and other 
rich furs.” Cloth-workers of different kinds were alfo 
noted for the excellence of their goods. In 1556 a manu- 
faftory for the finer fort of glaffes was eftablifhed in Crutched 
Friars, and flint glafs, not exceeded by that of Venice, 
was at the fame time made at the Savoy. About five 
years fubfequent the manufa^ure of knit ftockings was in- 
troduced by one William Rider, an apprentice in London, 
who happening to fee a pair from Mantua at the houfe of 
an Italian, made another exadly fimilar to them, which be 
prefented to William earl of JPembroke. (See Hose and 
Stockings.) A manufa£ture of knives was fliortly after 
begun by Thomas Matthews of Flect-ftreet, and this has 
ever fince been a flourifhing trade. Silk ftockings were 
firft made in England in the reign of queen Elizabeth. In 
the fourth year of that princefs, « John Rofc, dwelling in 
Bridewell, devifed and made an inftrument wuth wyer ftringes, 
called the Bandora, and he left a fon far excelling him in 
making bandoras, violde gamboles, and other inllruments.’’ 
Coaches were introduced in 1564, and in lefs than 20 years 
became an article of great inanufadlure. The following 
year the manufadure of pins was eftahli filed, and fiiortly after 
that of needles. The making of earthen furnaces, earthen 
fire-pots, and earthen ovens, trail fportable,” began about 
the tenth year of Elizabeth, one Richard Dyer, an Englifii- 
man, having brought the art from Spain. Women’s mafles, 
bufks, muffs, fans, bodkins, and periwigs were introduced 
and made in London fiiortly after the maffacre at Paris in 
the year 1572, and in 1577 pocket watches were brought 
from Nuremberg in Germany, and the manufadure of them 
alnioft immediately commenced. In the reign of Charles I. 
faltpetre was made in fuch quantity, as not only to fupply 
ail England, but the greater part of the continent. The 
manufactures of filk had like wife become extremely pre- 
valent, as well as the manufacture of various filver articles. 
The printing of calicoes commenced here in 1676, and about 
the fame time the weavers’ loom was introduced from Hol- 
land. The revocation of the ediCt of Nantes in 1685, having 
driven many induftrious Frenchmen from their native land, 
a confiderable number canne over to England and fettled in 
Spitalfields. By them feveral of our manufactures, but 
particularly that of lilk, were greatly improved, and many 
others introduced. Since then the productions of London 
have greatly increafed both in extent and value. They 
now confift chiefly of fine goods, and articles of elegant ufe, 
brought to the greateft perfoCtion, fuch as cutlery, jewellery, 
articles of gold and filver, japan ware, cut glafs, books, ca- 
binet work, and gentlemen’s carriages; together with fuch 
particular articles as require a metropolis, or a port, or ;_'rcat 
mart for their confumption, export, or fale ; viz. porter, 
Engllfii wines, vinegar, refined fugar, foap, &c. The filk 
manufactories of Spitalfields, Shoreditch, and Bethnal-green 
parifiies. alone employ upwardsof 7000 perfons. In Clerken- 
wcil a like number are engaged in the different branches of 
watch-making. Coach builders and harnefs makers are very 
numerous, and have brought their refpeCtive works to 4 
higher degree of perfection and elegance than any fo 
the world. Intimately connected with this fubjeCt is the 

Trade of JLondon, w’hich is valt, varioiiii, ana of extenfive 
effect. It may divided into the wholefale and retail bufinefs ; 
for thefe are different, and under different fyllems of manage- 
ment. The great number and variety of (hops that are 
difperfed over the metropolis, the diverfity, nchnefs, and 
multitude of articles difplayed for fale, and the great con- 



LONDON 


cottrfe of perfons immediately and collaterally dependent oii| 
•nd intimately conneded with the fan)e> are calculated to 
excite the aftonifhment of foreigners^ and of perfons who 
have not made inquiries into the fubjed. The wholefale 
trade is mollly carried on in the city, and in the vicinity of 
the river, where large warehoufes and counting- houfes are 
eflablifhed. The retail trade is difperfed through all the 
public flrcets : where fpacious and handfome {hops are 
opened for the difplay of all the neccffaries, as well as all 
the luxuries of life. The Ihop-keepers of London are 
moftly an adive, induftrious, and refpedablc clafa of focicty ; 
many of them are wealthy, and frequently retire from bufi- 
nefs in advanced age, with competence, or fortunes. Among 
the mod modern {hop edablifhments upon a large fcale, 
are thofe appropriated to books and prints. Within the 
laft CO years, thefe have been prodigioufly incrcafed : and it 
would greatly alloniOi Addifon, Johnfon, or fir Jo{hua Rey- 
nolds, could they revifit London in 1812, and take a review 
of the change that has been produced fincc the time they lived, 
in the quantity and quality of literary produdions, and in 
works of art. The regular, continued and perpetual inter- 
courfe that fubfids between London and all parts of the 
kingdom, by coaches, waggons, barges, &c. conftitutes 
another and (Irongly marked feature. 

ProvifionSf ufed in London^—Kn immenfe population 
will require a large and fyllematic fupply of provilions ; and 
in this refped, no city in the world can be better accommo- 
dated ; laws, cullom, and open competition are all conducive 
to public advantage. 

minimal Food. The number of oxen annually confumed 
in London is eilimated at 110,000 ; of {heep, 770,000; of 
lambs, 250,000 ; of calves, 250,000 ; of hogs and pigs, 
200,000 ; befides animals of other kinds. In (peaking of 
the confumption of animal food in London, it is not uiffi- 
cient to notice merely the number of animals brought to 
market ; for their fize and fine condition {hould alfo be con- 
fidcred in forming a proper criterion. The increafed con- 
fumption of the metropolis, from i? s accumulating population, 
may be eilimated from the following average of the number 
fold annually in Smithfield. 

Oxen. Sheep. 

From 1750 to 1758 623,091 

1759 — 1767 831432 

1776 89,36a 627,80^ 

1777 — 1785 991^85 687,588 

iy 86 — 1794 108,075 707145^ 

It is not only in number but in weight that there has been 
an aftoniihing increafe ; this has arifen from the improvements 
in breeding that have taken place in the courfe of the laH 
century. About the year 1700, the average weight of an 
ox, killed for the London market, was 37olb8. ; of a calf, 
5oib8. ; of a {heep, 28ib8. ; of a lamb, iBlbs. ; whereas the 
average weight at prefent is, of oxen, Soolbs. each 5 of 
calves, t4olbs. each ; of {heep, 8olbs. each ; and of Iambs, 
5oIbs. each. The total value of butchers* meat fold in 
Smithfield is calculated to amount to 7,000,000/. Jter att^ 
num* 

MilL — The quantity of this article confumed in Lon- 
don furprizes foreigners ; and yet few perfons have even a 
fufpicion of the amount, which is not lefs than 6,980,000 
gallons annually. The number of cows kept for this fup- 
ply is fatd to be 8500 ; the fum paid by the retailers of 
milk to the cow-keepers is Hated at 317,400/* annually, on 
which the retailers lay an advance of tent, ant.f making 
the coll to the inhabitants 6341000/. Not content with 


this profit, the retailers add water to the milk, to the ez« 
tent, on an average, of a fixth part. Though the cow- 
keepers do not themfelves adulterate the milk, (it being the 
cuftom for the retailer to contra^ *for the milk of a certain 
number of cows, to be milked by his own people,) yet they 
are not wholly to be acquitted of the guilt ; tor in many of 
the milk-rooms where the milk is meai'ured to the retailer, 
pumps are crefted for the exprefs purpofe of furnifhing 
water for the adulteration, which is openly performed in the 
prefence of any perfon who happens to be on the fpot. 
See Milk. 

Vegetables and iVw/.— There are at leall 10,000 acres of 
ground near the metropolis, cultivated wholly for vege- 
tables, and about 3000 acres for fruit. The fum paid at 
market annually is about 645,000/. for vegetables, and about 
400^000/. for fruit; independently of the advance of the 
retailers, which, on an average, is more than 200/. fer eent.^ 
making the entire colt for the London fupply upwards of 
3,000.00c/. 

IVheatt coahf — The annual confumption of wheat 

in London is, at Icail, 900,000 quarters, each containing 
eight Wincheiler biiihels ; of coals 800,000 chaldron, 36 
buihels, or a ton and half to each chaldron ; of ale and 
porter 2,000,000 barrels, of 36 gallons each ; fpirituous 
liquors and compounds 1 1,146,782 gallons; wine 65,000 
pipes; butter about a i,265,ooolb8. ; and cheefe, 25,500,000. 
The quantity of porter brewed from July 5, i8op, to July 5, 
1810, by two of the principal brewers, was, by Barclay, 
Perkins, and Co. 235,053 bairels, and by Meux, Reid, and 
Co. 211,009. (See roKTBR.) The quantity of fi{h confumed 
in the metropolis is comparatively fmall, on account of the high 
price which it generally bears ; and this appears to be the 
mofi ilriking defeA in the fupply of the capital, when it it 
confidered that the rivers of the kingdom, and the feat 
which furround it, muil afford fuch an amazing quantity. 
There are, on an average, annually brought to Bilhngfgate 
market 2500 cargoes of fi{h, of 40 tons each, and about 
20,000 tons by land-carriage, in the whole 1 20,000 tons. 
The fupply of poultry being inadequate to a general con- 
fumption, and the price confequently exorbitant, this article 
is confined to the tables of the wealthy, and the annual 
value does not exceed 60,000/. Game is not publicly fold» 
yet a confiderable quantity, by prefents, and even by clan- 
deftine fale, is conlumed by the middling clalTes. Venifoo 
is fold, chiefly by pafiry-cooks, at a moderate rate ; but 
the chief confumption, which is confiderable, is amongft the 
proprietors of deer parks. 

markets^ London contains 15 fiefh markets, one for 
live cattle, (heep, horfes, 8cc. and 25 for corn, coals, hay, 
vegetables, 8cc. Of thefe the principal are, at Smithfield, 
for bullocks, fheep, horfes, fwine, hay, ftraw, 8cc. ; Leaden- 
hall, for butchers’ meat, wool, hides, Icc. ; Billingfgate, 
for fifh ; Covent garden and Fleet, for fruit and vege- 
tables ; Newgate, Newport, Carnaby, and Clare inarkets, 
for butchers* meat, 8cc. ; the corn market in Mark-latte : in 
Thames ftreet is a coal exchange. London has only one 
annual fair, which is held in Smithfield, and continues for 
three days. It is moHly devoted to obje£ls of amufement, 
fuch as ihows, exhibitions of beafls, birds, Oights of hand, 
and the very lowed fpecies of diverfion* Hence it is moftly 
frequented by the lowed and moil depraved cUfies of ibeiety. 

It is become more a place of riot and debauebery, than of 
public utility. 

From what has been dated refpeAing the provifions an- 
nually confumed in London, we are naturally W to inquire 
into Its population \ an accurate knowledge of which forms 



322 

m fonttflatlon for mtich curiouB fpecnlatlon. In the follow- 
ing table we are enabled to give the total number of perfons 
mt four different periods ; but it may be neceffary to pre- 
mifey that the lad is prefumed to be the moll corre^ cenfus 
«vcr taken iu London. 

‘London is lefs populous^ for its extent, than 
many other great cities. The ftreets are wider, and the in- 
habitants of every clafs, below the higheft rank, enjoy more 
room for themfelves and families than is ufual for the fame 
claffes in foreign countries. Hence a given jHimber of peo- 
ple is fpread over a larger fpace in London than in foreign 
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cities. From the report on the population of Great 
Britain, publifhed on the authority of an adl paffed 43 G. XXL 
X.ondon, including the fuburbs, appears to contain 837,906 
fettled inhabitants ^ but the great number of foldiers, ma- 
riners, provincial vifitors, colonifts, and foreigners, who are 
conffantly in London, for purpofes of pleafure and bufxncfs, 
and the new inhabitants of 10,000 houfes built within the 
lad feven years, extends the total population to more than a 
million. As the increafe or diminution of the population 
claims a didind notice, the following table will (hew its five 
divifions, at four different periods* 



In 1700. 

1750. 

1801. 

1811. 

1. City of London, within the walls • - - 

2. City of London, without the walls, including the Inns of Court - 

3. City and Liberties of Weftminfter . - . - 

4. Out-pari flics within the Bills of Mortality - - - 

5. Parilhes not within the Bills . . . - - 

i39»300 
169,000 
13 SCOO 
226,900 
9,150 

87,000 

156.000 

152.000 
258,900 

22,330 

78,000 

155.000 

165.000 

379.000 

1 23.000 

8o,opo 

168.000 

180.000 

460.000 
i35»coo 

Total population of the Metropolis 

674,350 

675,450 

900,000 

1,023,000 


Government cf London, — In tracing ihr outline of the pre- 
font government of this metropolis, it will be proper to divide 
it into three principal parts ; viz, the city of London, with 
its dependencies ; the ci' y and liberties of Wedmii der ; 
and the fuburbs coiinc^lcd with the two, but out of the 
jurifdiAion of both the cities. 

The civil government of the city of I^ondon is veded, by 
charters and grants from the kings of England, in its own 
corporation or body of citizens. The city is divided into 
26 principal di drifts, called wards ; and the corporation con- 
fids of, f , the lord mayor ; 2, the aldermen ; and the 
common council. The lord mayor is cliofcn annually in the 
folKming manner ; on the 29th of September, the livery, in 
Guildhall or commgn affcmbly, choofe two aldermen, who 
are prefented to the court of lord mayor and aldermen, by 
whom one of the aldermen fo chofen, (generally thefenior,) 
is declared lord mayor cleft ; and on the 9th of November 
he enters on his office. The aldermen are chofen for life by 
the free houdioldcrs of the feveral wards, one for each ward ; 
except Bndge-wurd without, where the cleftion is by the 
court of aldermen from among thofe who have paffed the 
chair, commonly the fenior : he is llyled fatlicr of the city. 
The common council are chofen annually by the free 
houdioldcrs in their fcvcral wards, the number for each ward 
being regulated by ancient cuftom ; the body corporate 
having a power to extend the number. The common 
council are the repreferitatives of the commons, and com- 

J >ofe one of tlie parts of the city Icgidaturc, which nearly re- 
embk^ that of the kingdom ; for as the latter confills of king, 
lords, and comnions, fo this is compofed of lord mayor, 
aldermen, and common councilmen ; the principal difference 
is, that ill the three e’lates of the kingdom each enjoys a 
feparatc negative, while in the city this right is denied 
to the lord mayor, and confined to the aldermen and 
common council. Before the year 1347, there were 
only two common-con ncilmen returned for each ward, 
which, being thought infufficient to reprefent fuch a niim.e- 
ix'us body, it was at that time fettled that each ward (hoiild 
choofe a number, not more than twelve, or lefs than fix, 
according to its dimenfions ; which has fince been increafed 
to the prefent number. The 26 wards are fubdivided into 
236 prccinfts, for each of which a reprefentative is elefted 
a& the iamt manner as the aldermen 1 with this difference^ 


that as the lord mayor prefides in the wardmote, and ia 
judge of the poll at the cleftion of an alderman, fo each 
alderman, in his refpeftive ward, prefides at the cleftion of 
common council men. The civil powers cxcrcifed by the 
corporation are very complete : the laws for the internal 
government of the city are wholly framed by its own l<?gif- 
lature, called the court of common council, which conUiU 
of the lord mayor, aldermen, and reprefentatives of the 
feveral wards, who affemble in Guildhall as often as the 
lord mayor thinks proper to convene them. They annually 
feleft fix aldermen and twelve commoners for letting the 
city lands, and this committee generally meet at Guildhall 
on Wednefdays. They alfo appoint another committee of 
four aldermen and eight commoners for tranfafting the 
affairs of Grclham-collegc, who ufually meet at Mercer’s- 
hall, at the appointment of the lord mayor, who is always 
one of the number. The court of common council alfo, by 
virtue of a royal grant, annually choofe a governor, deputy, 
and affi Hants, for the managenjent of the city lands in Ire- 
land. This court alfo difpofe of the offices of town-clerk, 
common ferjeant, judges of the fheriffs’ -court, common 
crier, coroner, bailiff of the borough of Southwark, and 
city garblcr. The cleftion of the recorder is vefted in the 
court of aldermen only. The lord mayor is the chief magif- 
trate of the city ; and the aldermen arc the principal magif- 
trates in their feveral wards. The lord mayor, the recorder, 
the common ferjeant, and the aldermen, are judges of oyer 
and terminer (t)iat is, the king’s judges to try capital of- 
fences and mifdemeanors) for the city of London and county 
of Middlefcx ; and the aldermen are perpetual juffices of 
the peace for the city. The two flieriffs, (who are ftriftly 
officers of the king, fv.r many important purpofes of his 
executive government,) are chofen annually by the livery 
of London, not only for the city, but for the county of 
Midditfex, the fame perfons being Ihcriffs for London, and 
jointly forming one (heriffforthe county. (See Philips’s 
Letter on the Office of Sheriff, 8vo. and Sheriff.) The 
adminiilration, in all its branches, within the junfdiftion of 
the corporation, in all cafes embracing the city and the 
borough of Southwark, aud in fome cafes extending b^ond, 
is exercifed by members of the corporation or its officers. 
The borough of Southwark was formerly independent of 
the city ^of London, and appears to have been governed by 









LONDON 

a bailiff till the reign of Edward III., who granted the govern- 
ment of it for ever to the city. A part has been lince incor- 
porated with the city, under the appellation of Bridge Ward 
Without, and has its officers appointed by the court of 
common-council. The livery is a numerous, refpe6Iable, and 
important eleftive body ; in which is vetted the eledion of 
the lord mayor, iheriffs, chaiftberlain, members of parliament, 
bridge-matters, alc-conners, and auditors of the chamberlain’s 
accounts. The lord mayor, aldermen, common -council, and 
livery of London, form together the moft important popular 
affembly, the commons houfe of parliament excepted, in the 
kingdom. On occafions of the greateft moment, their deci- 
fions have infpired general fortitude ; and the whole legifla- 
ture, when under evil influence, has been ftruck vi^h awe 
by the remonttrance of the city, and prudently liftened to a 
warning fo folemnly pro.nounccd. 

The military governnaent of the city of I^ondon was con- 
fiderably changed by an aft of parliament paffed in the year 
1794; under which two regiments of militia are raifed in 
the city,* by ballot, amounting together to 2200 men. The 
officers are appointed by the commiflioners of the king's 
lieutenancy for the city of London ; and one regiment may, 
in certain cafes, be placed by the king under any of his ge- 
neral officers, and marched to any place not exceeding 
twelve miles from the capital, or to the rieareft encampment ; 
the other, at all fuch times, to remain iti the city. RegimenU 
of aflbeiated volunteers are formed in the refpeftive wards 
and pariflies, for the internal defence and peace of the metro- 
polis. A confiderable force is alCo maintained by the Bank, 
India-houfe, Cuttom-houfe, and other public bodies, for 
their more immediate fccurity. Tlie Artillery company, 
which is principally compofed of a voluntary enrolment of 
the younger citizens, affords an additional force of about ttx 
hundred men. (See Artillery.) See alfo Highmore's 
Hiftory of the Artillery Company, 8vo. 

civil government of the fuburbs is vetted in the 
jullices of the peace for the county. The county-hall for 
Middlefcx is on Clerkcn well-green, where the qiiarter-fef- 
fions are held ; and a great part of the civil government 
is exercifed. In Bow-ftrect, Covent-garden, is an of 
police, under the direftion of certain juftices of ^{iddld^cx, 
who dedicate their time chiefly to that office, where arc firft 
examined the moll ferious cafes of mifdcmeaiior. The other 
public offices of police, where magittrates fit daily, aie — 
the Manfion-houfe and Guildhall, within the city. .In the 
fuburbs — Bow-ilreet ; Qucen-fqiiarc, Wettminfter ; Marl- 
borough-ftreet ; Hatlon-garden; Worfhip-ftreet ; Lambelh- 
ttreet, Whitechapel ; High-ftreet, Shadwell ; and Union- 
ftreet, Southwark : at Wapping New-ftaira is an office for 
cnqiiiry into offences connefted with the fliipping and port 
of London. 

The police of London is under the controul of the magif- 
Crates belonging to thefe offices ; who are appointed and 
paid by the government. They are required to attend on 
duty every day, and their province is to hear and determine 
petty offences, and fubjefts of difpute between individuals. 
On many occafions they inveftigate felonies, and the liigher 
claffes of crimes, and commit the offenders to the proper 
prifons. Different afts of parliament have been palled on 
this fubjeft, by which the duty and powers of the magiftratcs 
and fubordinate officers are particularly defined. The po- 
lice of the city of London is regulated by afts paffed in 10 
Geo. II. li, 14, 33, and 34 Geo. III.: ofWeftmintter 
and its liberties, by afts of 27 Eliz., 16 Cha. !•» 29 
and 31 Geo. II, 2, 3, 5, il, and 19 Geo. III. : municipal 
regulations arc alfo eliabiifhed in the borough of SouUiwark, 
t>y afts 28 Geo. IL aud 6 and 14 Geo. IlL 
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Under the foregoing afts, a niglitly watch is appointed 
fol* the prevention of robberies, and the apprehenfion of 
offenders. To the city of London arc attached 765 watch- 
men, and 38 patroles. The whole number of beadles, 
patroles, and watchmen, who are every night on duty in and 
around the metropolis, is ettimated at 2044. Watch-houfes 
are placed at convenient di fiances in all parts, where paro- 
chial conttables attend in rotation to keep order, receive 
offenders, and deliver them the next morning to the fitting 
magittrate. In the winter feafon, the roads adjacent to 
London are additionally guarded by horfe-patroles ; and 
on extraordinary occafions, the officers of the police are 
ordered out, or kept in readinefs, to aflitt in the prefervation 
of the public peace. The nightly watch is of peculiar uti- 
lity in cafe of fire, as in every watch-houfe the names of 
the turncocks, and the places where engines are kept, arc to 
be found. Befides parochial engines, many public bodies 
are provided with them, and the principal fire-offices have 
engines ttationed in various dittrifts, with aftive men and 
horfes. By means of the fire-plugs, water is immediately 
fupplied, and the general fecurity is guaranteed by every 
effort of vigilance and aftiviiy. 

jiBs of Parlianufit relative to London and its Inhabitants*^ 
The internal economy, government, police, and civil regu- 
lations of London, are entitled to particular and commend- 
able notice ; becaufe thefe have tended to attraft foreigners 
to fettle here, and induced numerous families, both tradef- 
men and perfons of fortune, to fix on this city as a defirable 
place of permanent refidence. It will be found that many 
legillative afts have been paffed, and are in force, to fecure 
the fafety and comfort, and adminifler to the luxuries of the 
inhabitants of this metropolis. Befides numerous local 
afts of parliament that apply to particular parifhes and 
dittrifts, tlie following have been paffed exprefsly for the 
above purpofes. It is thought advifable to fpecify thefe 
afts, and point out fome of their items ; bccaufe many local 
advantages and conveniences of London are to be referred 
to thefe legiflative provifions. 

By 3 Hen. VII. c. 9, citizens and freemen of London 
are authorifed to carry their wares to any fair or market 
in the kingdom, in fpite of any bye-law to the contrary. 
By 6 Geo. II. c. 22, the lord mayor and citizens were em- 
powered to fill up part of Fleet Ditch, and the inheritance 
of the ground was vetted in them. By 29 Geo. II. c. 
the lord mayor and common-council were empowered to 
purqhafe and remove buildings, to improve, widen, aud 
enlarge the paffage over and through London-bridge. 

Buildings — In the year 1764, a very important aft of 
parliament was paffed, refpefting all buildings \vhich are 
hereafter to be erefted within London, Wettmintter, the 
bills of mortality, and the pariflies of Mary-le-bone, Pad- 
dington, Pancras, and Chelfea, whereby it is provided, that 
they fhall be divided into feven rates, of which the external 
walls fhall be of a thicknefs proportionate to their rates or 
fizes ; thofe of firtt-rate buildings to be at the foundation 
2^ bricks, or 1 foot 9^ inches thick, and decreafing up- 
wards in a degree therein fpecified. Another aft, of a more 
ample nature, was paffed in 1774, refpefting the buildings 
of London and its vicinage. By this it is required, that 
houfes contiguous to other buildings fhall have party- walla 
between them, which walls and all chimnies and chimney- 
lhafts fhall be of brick or ftone, or both together. . (See 
Chimney.) Party-walls ttiall be 18 inches above the build- 
ings adjoining, and thofe of firtt-rate buildings fhall be at 
the foundation 3^ bricks, or 2 feet 6^ inches in thicknefs, 
decreafing upwards in a given proportion. No recefles to 
be made party»walU (except for dumaiesi fires, girders. 
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Itc.) fo as to reduce fuch wall under the thicknefs required. 
No timber to be in the party-walls (except bondS) templets^ 
mad chains, and the ends of girders, beams, 2cc.) and 8^ 
inches of folid brick-work to be between the ends and iidea 
of every piece of timber, except oppofite to other timbers, 
and then no part of fuch timber to approach nearer than 
four inches to the centre of the wall. Surveyors are to 
give information of irregular buildings, and the lord mayor 
and ju dices arc to order tlic fame to be demolifhed or 
amended, and gos. penalty is chargeable on the workman. 
Fire-engines and ladders to be kept in known places in every 
parifh ; and pariHi officers (hall place on the mains of water- 
works, ftop-blocks, and fire-cocks, and (hall mark the 
houfe near. In cafe of fire, the turncock whofe v^ter 
comes firfi; (hall be paid lox. Firil engine i/. lo., the 
fecond i/., the third lox. Where officers pay rewards for 
fires in chimnies only, or beginning there, they arc to be 
reimburfed by the occupier. Servants who through negli- 
gence fet fire to any houfe, (hall forfeit loo/. or be com- 
mitted to hard labour for i8 months. 

Butchers . — It is provided by an aft of Hen. VII. c. 3, 
that butchers (hall not kill beads within the walls of Lon- 
don ; but this adt is either fuperfeded or not put in force. 

Ccdtle * — By 14 Geo. III. c. 87, and 21 Geo. III. c. 67. 
any peace officer may arred perfons who drive cattle 
through the ftreets of London in an improper or cruel man- 
ner. The party, if convidted, (hall forfeit from to 20/. 
or be committed for one month. Perfons not being drivers 
of cattle, who (hall throw dones or fet dogs at them, (hail 
be fubjei!^ to the fame penalties. 

Carts. — By i Geo. I. dat. 2. c. 57, no carman, drayman, 
waggoner, or other perfoii (hall, within the bills of morta- 
lity, ride on a cart, dray, or waggon, not having fome per- 
fon on foot to guide tlic fame, on forfeiture of lox. This 
penalty is extended to within ten miles of London, by 24 
Geo, II. c. 43. 

Cw/x.-^By 47 Geo. III. felT, 2. c. 68, the coal exchange 
(hall be a free open market on Monday, Wednefday, and 
Friday, from twelve o’clock till two, and coals are only to 
be fold in market hours, under a penalty of 100/. 

Hackney Coaches .— commiffioners may licence 800 
by adt 9 Anne, 200 more by ii Geo. HI., and 100 more 
by 42 Geo. III. ; total iioo. The rates of farce are fixed, 
and an office i« appointed to determine on complaints, 
which are alfo cognizable by magtll rates. 

Pavings lightings and cleanjing. — Several adts were pafled 
in the of Hen. VIII. tor paving parts of the metro- 
polis. The eadern fuburbs were paved by adt 13 Lliz. 
Various other adts were palled in fubfequent reigns for 
paving the feveral parts which were added to the metro- 
polia. The new pavwgy according to the prefent mode, 
commenced in 1763, under an adt pafled in the preceding 
year. Before this period the (Ireets were extremely incon- 
venient to pafiengers, the (tones (moitly Guernfey pebbles) 
being round, the kennels in the midll, and no level foot- 
way, as at prefent, for the pedeitrians. The alterations 
firil took place in Weftminfter, and the improvements pro- 
greffively extended through moll parts of tlic metropolis. 
At this period alfo took place the removal of the enormous 
(igns which huu|^ acrofs the fired s or over the footways, 
and, togetiKT with their polls aiKl iron fcroll works, im- 
peded as well the circulation of the air as the progrefs of 
the palTenger. 

Lighting. — As early aa the year 1416, the inhabitants of 
London were obliged to liang out lanthorns on winter 
evenings. Among other improvements in the reign of 
queen Annci was the introdu^ion of globular glafs lamps 


with oil burners, inftead of the lanthorns with candles, and 
common lamps that bad previoufly been in ufe. In 1736, 
an a^ of paniament was procured to regulate the better 
enlightening the ftreets, within the city. A com- 

mittee appointed to carry this adt into execution, reported 
that ** the number of houfes then inhabited and chargeable 
(i. e. fuch as were fubjedt to poor-rates) was in all 14,0141 
of which 1287 were under the rent of Jo/. per annum; 4741 
of 10/. and under 20/.; 3045 between 2 C and 30/.; 1839 be- 
tween 30 and 40/. ; and 3092 of 40/. and upwards. The 
number of lamps required was 4200, cxclulivc of fuch as 
were attached to public buildings. They were to be 
placed at the diftance of 25 yards from each other ia the 
principal (Ireets, and 35 yards in the fmaller ftreets and 
lanes. 'FKis was the commencement of the fyftcm of de- 
fraying the charges of lighting the metropolis by parochial 
aftclTments. Since this time various other adts of parlia- 
ment have been obtained for different diflridls in the 
fuburbs, and it is conjedtured that more than 30,000 lamps 
arc lit every night within the bills of mortality. From 
Lady-day to Michaelmas, a lefs number is ufed than during 
tlie other half of the year. In 1737, an adt of parliament 
was palled for regulating and increaling the city watch, &c. 
Various adts have been paft for cleanfing the ftreets, and 
preferving them from obftrudtions and nuifaiiccs of every 
defeription. 

Sewers.— Or\c of the moft elTenlial objedts in a large 
city is good drainage ; and in this refpedt London is well 
provided. Into the deep channel of the Thames, numerous 
large fewers communicate, and convey all the fuperfluous 
water, and vaft quantities of filth from the houfes. By 
adts of the legiflature, a number of perfons, ftyled com- 
miffioners of fcwers, are empowered to make and repair 
fewers, and levy a tax on every houfekeeper towards defray- 
ing the expences incurred by the fame. An adt of parlia- 
ment was obtained as early as the reign of Henry VI. on 
this fubje A ; and this has been amended and enlarged by fub- 
fequent adts, 6th Henry VIII. cap. lo; 23d Henry VIII. 
cap. and 25th of fame reign ; afterwards in the 3d and 
4th of Edward VI.; ift of Mary ; 1 3 ih of Elizabeth ; 3d 
of James, and 7th of Anne. See Sewehs. 

By ail adt of parliament pafled in 1737, the number ©f 
playhoiil'es was limited to three, and all dramatic pieces in- 
tended for the ftage, were firil to be fubjedted to the peru- 
fal and approbation of the lord chamberlain. See Play- 
house. 

The Charitable Injlitutions of London are numerous, ©f 
various deferiptions, and of incalculable advantage. "Whilit 
they adminiller comfort, health, education, and protection 
to the neceffitous, they refleCt much honour on the aifluent, 
and on all the patrons. Thefe confift of hofpitals, difpen- 
iaries, alms-houfes, charity fchools, benefit focicties, and 
other eftablifhmencs. In a former part of this work, under 
the word Hospital, will be found accounts of feveral, to 
which we (hall add a few particulars. In the metropolis 
are 23 hofpitals for Tick, lame, and for pregnant women ; 
107 alms-houfes for the maintenance of aged perfons of both 
fexes I 18 inftitutions for the fupport of the indigent of va- 
rious other deferiptions ; above 20 difpenfaries for the gratui- 
tous fupply of m^icine and medical aid to the poor ; 45 free- 
fchools with perpetual endowments, for educating and main- 
taining 3500 children ; 1 7 other public fchools for aefertedand 
poor children ; 237 Mrifh fchools, fupported by voluntary 
contribution, in which about 9000 boys and girls are con- 
ftantly clothed and educated : each pari(h has alfo a work- 
houfe for the maintenance of its own helplefs poor. £x- 
clulive of tliis ample lift, the feveral livery companies of 
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the city of London didributc above 75,000/. ann’ially in cha- 
rities ; and there is a multitude of inilitulions, of a leA pro- 
minent nature than the foregoing, which make the total of 
charitable donations immenle. The fums annually expended 
in the metropolis for charitable purpofes, independently of the 
private relief given to individuals, have been eftimated at 
850 }OOo/. The hofpitals were chiefly founded by private 
munificence: fome are endowed with perpetual revenues* 
and others fiipported by annual or occafional voluntary fub- 
feriptions. The alms-houfes were built and endowed either 
by private perfons or corporate bodies of tradefmen. Many 
of the fi*ee-fchools owe their origin to the fame fources. 
The magnitude of the buildings dedicated to public clnriHca, 
and the large revenues attached to them, are highly dc- 
ferving of commendation ; and the general adminidration of 
thefc eflablifhments confers a peculiar honour on the capital. 
The interior regulations of the hofpitals well accord with 
the exterior magnitude : the medical afhftance is the heft 
the profefiion can fupply ; the attendance is ample ; the 
rooms arc generally very clean and wholefome ; and the food 
is proper for the condition of the patients. The alms- 
houfes, and oilier inflitutions for the fupport of the aged 
and indigent, exhibit not merely an appearanoe, but a real 
poflfefiion of competence and eafe. From fome of the free- 
fchoola, pupils have been font to the univerfities as learned 
as from any of the moll expenfive feminaries: and all the 
fcltolars receive an education completely adapted to the fta- 
tions for which they are deligncd. Among the free-fchools 
may he particularly noted thofe of Weftminfler, Blue-coat 
or Chrifl's-hofpital, St. Paurs, Merchant-taylors’, Charter- 
hoiife, and St. Martin’s. For a very ample hiftory and 
defbription of all the chdritable inflitutions of London, the 
reader is referred to a volume publifhed in 1810, entitled, 
** Pietas Londinienfis ; the Hillory, Origin, and prefent State 
of the variou^i public Chanties in and near London,'' by 
A. Highmore, i2mo. 

I fijf buttons . — For the accommodation and convenience of 
the immenfe population of the metropolis, the following infti- 
tutions have been formed for education, for promotimj good 
morals, for advancing the ufeful and fine arts, and for dia- 
rit able and humane purpofes. For education (befides the 
various fchools already mentioned) there are 16 inns of 
court and chancery for Undents in the law, &c. (fee CouiiT, 
Inns ofy ) and live colleges, wa. Sion-college, at London-wall, 
for the improvement of the clergy ; Ore {ham-college, for 
divinity, allronomv, and other fcienccs ; the college of phy- 
ficians, Warwick-lane, for profeflbrs in medicine ; oUe for 
the iludy of civil law, Doftor's Commons; and the Herald’s- 
college. ( vSec CoLLltOE. ) The number of private fchools, 
for all the various branches of male and female education, 
is eftimated at 3730 j including fome for children who 
arc deaf and dumb. 

For promoting religion and good morals London contains 
the following focieties : i. For giving effeft to the king’s 
proclamation a^ainlt vice and immorality, ellablifhed in the 
year 1787, and for the fuppreflion of vice in 1803 : a. For 
promoting Chriftian knowledge, founded in 1699 ; 3. For 
the propagation of the gofpel in foreign parts, incorporated 
in 1701 : 4. For promoting religious knowledge, by dif- 

tributiiig books to the poor, inftituted in 1750 : 5. For pro- 
moting charity fchools in Ireland ; 6. For religious inftrwc- 
tion to the negroes in the Well Indies, incorporated in 1795 ; 
and African education focicty, inftituted in 1800 : 7. For 
preventing crimes, by profecuting fwindlers and cheats, 
1 767 : 8. For the encouragement of fervants, 1792 : 9. For 
the relief of poor pious clergymen, 1788 : lo. For giving 
bibles to foldiers and Tailors, 1780 : ii. For giving bibks, 
and otherwife furthering the purpofes of Sunday fchools, 
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1785: Britifh and foreign bible focicty, 1804. To thelk 
may be added, Dr. Bray's charity for providing paro- 
chial libraries ; and queen Anne's bounty for the augmen- 
tation of fmall livings of clergymen. 

For the promotion of learning, and advancement of 
the ufeful and fine arts, are the following inftitutions : 

1. The Royal focicty, incorporated for promoting ufeful 

knowledge, was inftituted 1663 : 2. Antiquarian fociety, 
Somerfct-place, 1751 : 3. Society, or truftees of the Bri- 
tifli Mnfeum, 1753 ; 4. Royal Academy of Arts, Somerfet* 
place, 1768 : Society for encouragement of learning. 

Crane^ourt, Flcet-ftreet : 6. Society for encouragement of 
arts, manufactures, and commerce, in the Acklphi-buildings : 

7. Medical focicty of London, Bolt-court, Fleet-llreet, 1773: 

8. Society for the improvement of naval architedlure : 

9. Veterinary college, St. Pancras ; 10. Royal inftitution 
for applying tlie arts to the cotptnon purpofes cf life, 1799: 
II. T!)c Loiulon inftitution, in the city, 1805: 12. The 
Surrey inftitution near Blackfriar’s-bridge, 1808: 13. The 
Ruftel inftitution, Coram-ftreet, Ruflcl-fquare, 1808; 14. Thr 
Literary fund, cftabliflicd in 179', 8:c. 

Among the inftitutions for charitable and humane pur- 
poks, the followi:tg may be enumerated: i. The humane 
lociety for the recovery of drowned and fufFocated perfons : 

2. Society for the relief of merchants' feamen : 3. Several 

focieties for fupport of widows in general : and others re- 
fpedlively for the widows and orphans of clergy men, medical 
men, ullicers, artills, and muficians; and for decayed mufi- 
ciatis, artills, authors, a^ors, and fchoolm^fters : 4. So- 

ciety for relief of perfons confined for fmall debts ; 5. So' 
cietY for ameliorating the condition of the poor. With 
thcle benevolent cftabliftiments may be clalTed the friendly 
or benefit focieties, of which there are in the metropolis 
and its vicinity about 1600, confitting, in general, of from 
fifty to one hundred members each. The members confift of 
mechanic and labouring people, who, by fmall monthly con- 
tributions, raife a fund for their fupport in ficknefs, and for 
their funerals, 8cc. An a£l of parliament was palled 
33 Geo. III. for the fpecial « Encouragement and Relief*’ 
of thefe focieties. 

Places of Public Amufement. — Confidering the vaft extent, 
population, and w'ealih of London, it certainly contains 
few'er places of public amufement than any metropolis in Eu- 
rope. Whether this be the refult of accidental caufes, or it 
to be referred to the genius and habits of the people, may, 
perhaps, be a matter of fome doubt. But whatever defici- 
ency exifts with refpeft to number, it yields to no city in the 
world in the fplendour and excellence of thofe it poflefles. 
Our dramatic authors are not lefs confpicuous for the bril- 
liancy of their compofitions, than our a^ors are for the judg- 
ment and effeA which they difplay in their reprefentation. 
Mrs. Siddons is, perhaps, the moll elFedive and powerful 
a^lrcfs of the prefent, or of any former age ; while her brother, 
Mr. John Kemble, mull be allowed to polLfs talents of the 
firll-ratc defeription. In the walk of tragedy many other 
players have evinced very confulerable abilities ; among the 
dcccafed may be named Garrick, Barry, Betterton, Hcn- 
derfon. Booth, Quin, Ryan, and J. Piilmer: .and thofe of 
the prefent age, moll entitled to hiftoric record, arc Cooke, 
Young, and C. Kemble. It may be fafely alTcrted that the 
comedians of the London theatres have advanced the mimetic 
art nearly to the height of perfeftion. The names of the 
late Me firs. Lewis, King, Parfons, Woodward, Skuter, and. 
Edwin arc juftly honoured in the annals of the drama ; and 
thofe of the following adlor.s are entitled to the uncmalified 
commendation of the theatrical critic : Dowton, Munden, 
Banniilcr, iFawcct't, Emery, Knight, Matthews, Johnfon, 
I^ovegrove, Liftos, Simmons, and Blanchard. Many 
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aArefleiof the prcfent age poffcfs very confiderable drama- 
tic powers ; particularly meudames Jordan, Edwin, Duncan, 
C. Kemble, Gibbs, S. Booth, Davenport, Lifton, and 
Storace. The EngUfh (lage has many other performers of 
merit ; but their talents are of a more limited nature than 
the preceding. In the operatic department, or fmging, it 
has long been the fafhion to introduce Italian, or foreign 
fingers to the London boards; although many of our native 
rformers unite to fine and powerful voices much fctence. 
rs. Billington, Mr. Braham, Madame Storace, Mrs. Moun- 
tain, Mifs jBolton, Mrs. Martvr, Mrs. Bland, Mrs. Dickons, 
Mifs Kelly, Mr. Incledon, Mr. Phillips, and Mr. Bellamy, 
are juftly admired, and have acquired much profeilional fame. 
In adlioii or pantomimic repreientations, many eminent per- 
formers are to be found on the London boards. Beiides 
thefe there arc many others very little inferior. Indeed it 
may be juftly obferved, that the companies at the principal 
theatres confift in general of highly rcfpedtable performers. 
The midical votary never had the means of gratifying his 
tafte with a higher relifh than at the prefent period. New 
compofitions of confiderable merit daily iftue from the prefs. 
The lift of our vocal performers comprifes the names of 
fome of the firft fingers in Europe. Our inftrumental per- 
formers are no lefs c^ebrated ; and our bands in general ex- 
hibit fpecimens of the higheft tafte and manual 

Appropriated chiefly to dramatic performances are the 
theatres of Drury-lane, Covent-garden, the Lyceum, and the 
Hay market. Of thefe, the two firft arc upon a ftyle of mag- 
nificence and g^randeur, fcarcely to be furpafled by any theatre 
ia Europe. The laft is on a fmall fcale, and opens in fummer, 
when the others clofe. The King’s theatre, or Opera-Iioufe, 
fituated in the Hay market, was originally intended folely for 
the reprefentation of Italian operas. Of late years, however, 
dancing has conftituted a prominent part of its amufements, to 
the great injurv of the operas, which are generally curtailed 
of an a 61 to allow time for the ballets. The decorations of 
this theatre are fplendid, and its band is coniidered as inferior 
only to that of the Opera-houfc at Paris. The concert of 
ancient mufic, generally called the King\s concert, is held in 
the great room Hanover-fquare, every week from the begin- 
ning of February to the end of May. It owes its origin to 
fecelBon from the Academy of Mufic, another celebrated 
muiical inftitution. The following is a lift of the tlieatres, 
and other places of public amufement, now occupied in Lon- 
don, and open to the public ; a more particular defeription 
of fome of thefe will be given in fubrequent parts of this 
work, under the heads Theatre and Westminster. 

Comeni-garden Theatre is the mod eminent for fize and 
dramatic exhibitions. The prefent building was ere£led in 
the year 1809, from defigns by Mr. Smirke, Jun. architeft. 
It occupies the, feite of a former theatre, with conneding 
houfes, which were confumed by fire in September 1 808 ; 
and it is worthy of remark, that the whole of the prefent 
edifice was raifed and finifhed within one year. It is on a 
large fcale, and the whole ftage management is vefted in Mr. 
John Kemble, who has certainly mack many improvements, 
and interefting reformations in the internal economy, fcience, 
and coftumic reprefentation of dramas. 

Drury-lane Theatre is now in the progrefs of building 
from defigns by Mr. B. Wyatt, architeS ; whofe mod 3 
evinces muck fkill and judgment. Though not on fo large 
a fcale as the theatre of Covent-garden, it combines many 
conveniences and advantages not to be found in that building ; 
and for feeing and hearing it promifes to be very fatisfa^ory 
to ike audience. Mr. Whitbread has taken a very a6tive 

E art in caufing this theatre to be rebuilt. A former theatre^ 
uilt by Mr. Holland| was burnt in 1809. 
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Theatre Royal Haymarlet is a fmall, inconvenient houfe, 
and is allowed to be opened to the public from the 15th of 
May to the 15th of September. 

The Lyceum Theatrt% called the Engli/h Opera-houfcy is at 
prefent occupied by the Drury-lane company of performers, 
under the management of Mr. Arnold and Mr. Raymond. 
Operas and comedies are chiefly reprefented here ; and fome 
of thefe are aAed in the beft ftyle. Many new dramaS' have 
been produced at this hoiii'e. 

The Opera-houftj in the Haymarket, is appropriated to Ita- 
lian operas, fpedlaclcs, and dances. The management of this 
koufe has occafioned fevend legal litigations, and is ftill in- 
volved in difpute. Its principle is uncongenial to the Englifh 
chara6Ier, and it would be a memorable and laudable adt to 
abolifti it. Another fimilar eftablifliment, ariling out of the 
cabals of the former, and originating with fome fpeculating 
adventurers, has lately been opened at 

The Pantheon in Oxford-road ; but after a few nights re- 
prefentation, and after debts of fome thoufands of pounds 
had been contradled in fitting up, and adapting the houfe to 
the purpofe, the theatre is again clofed. 

Sadlers Wells is a theatre appropriated to pantomimes, 
burlettas, fpedlaclcs, dancing, &c. and commences it^^i fcafon 
on Eafter Monday. The ftage performances are invented and 
written by Mr. C. Dibdin, jun., who has difplaycda peculiar 
and original talent in this fpecics of compofition. The muiical 
department is condudted by Mr. Reeve, and the fccnery 
painted by Mr. Andrews. A novelty has been iotroduced 
at this the^itre, u r. of filling the whole fpace beneath the 
ftage with water, by which means fome fplendid and curious 
aquatic exhibitions have been difplayed. It partly refemblcs 
the naumachix of the Romans. 

AJiley s Amphitheatre^ near Weftminfter-bridge, is alfo a 
fummer theatre, where pantomimes, burlettas, and various 
fetes of horfemahfhip are difplayed. This houfe alfo com- 
mences its feafon on Eafter Monday, and generally clofcs in 
October, when the company remove to another theatre, 
called 

AJlky's Olympic Pavilion^ in Newcaftlc-ftrcel, where the 
fame fpecies ol entertainments are exhibited 

The Surrey Theatre^ in St. George's-fields, is devoted to a 
fimilar clafs of dramatic rcprefeniations; but lince Mr Ellif- 
ton has been proprietor and manager of this houfe, he has 
adopted anovelty,in abridging and verlifying many celebrated 
dramas, and playing the fame with the accompaniment of 
mufic. 

Another theatre in Wellclofe-fquare, called the Royalty 
Theatre^ is occafionally opened ; and others are fituated in 
Tottenham-ftreet, in the Strand, and in Bridges-ftreet, Co- 
vent-garden. 

Vauxhall Gardens are opened twice a week in the fum- 
mer months, when they are ornamented witli an immenfe 
number of lamps, and a large concourfe of vifitors are en- 
tertained by vocal and inftrumental mufic. Befides the fore- 
going, London abounds with many other places of amufe- 
ment ; fuch as tea-gardens, exhibitions for ingenious invent 
tions, and difplay of works of fancy, 8:c. 

Among the places of public amufement or exhibitions, 
may be fpecified-— 

The London Mufeum^ in Piccadilly, th? property of Mr. 
W. Bullock, who has devoted many years, much exertion, 
and a great expence, in colledting and arranging the moft 
comprehenfive and interefting aftemblage of natural and arti- 
ficial curiofities that was ever belore amaft'ed in England, or 
perhaps in Europe. His miifeum was originally com- 
menced at Liverpool ; but it has been progrcffivcly enlarged 
and improved. Its preferved fpecimens in natural hiftory 
art feltdii in the higheft piefervation, and arranged accord* 
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iBff to the Liionaean fyftem. They con fi ft of about i^’jooo 
uadrupcds, birds, reptiles, fifties, infedls, corals, &c. One 
epartment of the mufeum is peculiarly curious and intereft- 
ing. It is called the Pantherion, in which tnoft of the 
known animals, in a preferved (late, and in natural attitudes, 
are exhibited as ranging in their native, or appropriate 
haunts ; and exa6i models of exotic plants, rocks, and trees, 
are difperfed over the apartment ; the whole interior of the 
fame is painted in a panoramic manner, reprofentative of 
oriental fcenei*}% For a particular account of this truly 
interelling colle^^ion, the reader is referred to a printed 

Companion to the Mufeum and Pantherion,'* iimo. 2/. 6^4 
or to a larger work, with etchings, by Howitt, price 14^. 
A new building, in the Egyptian ftyle, has been erefted for 
this mufeum from defigns by Mr. Robinfon, architeiSl. 

PoHto*s Mufeum^ at Exeter Change in the Strand, con- 
tains a choice colleilion of living beafta and birds ; and to 
the fludents and lovers of natural hiftory is very interefting. 
HcP! arc lions, leopards, tygers, oftriches, baboons, and 
inoiikies of different kinds, kangaroos, beavers, and various 
other foreign animals and birds. Other mufeums and exhi- 
bitions of natural and artificial curiofuies are — 

DulourgPst in Grofyenor-ftreet, for cork models of feveral 
temples, and ancient buildings in Rome : —j/Wai/Aj/Y/r/V au- 
tomatical exhibitions in Spring-gardens, for fome lingular 
works of mechaniim : — Weeh's Mufeum^ Haymarket, is alfo 
for mechanical works. At BarhePs Panoramay in Leiceiler- 
fquarc, are exliibited circular views, on a large fcale, of feveral 
foreicin and Englifh cities, towns, and other particular fceiies. 
Mr Barker has evinced very conHderablc tafte and talents in 
this branch of art, and to him the public are indebted for 
the firll invention of panoramic views. Since he commenced, 
feveral other artifts have exhibited fimilar pictures : Mr. 
Girtm, a view of London ; Mr. Porter, feveral paintings 
of battles, and a Nlw Panorama is now opened by Reinagle 
and Barker, in the Strand, See Panorama. 

• The p’uie jirtsy and Pxhlbittons of IVorks of Jlrty in I.rf)n- 
don, arc en titled to diftind and particular notice ; for their 
prefent Hale is calculated to flicw the extraordinary progrefs 
they have made during the laft century, and to di^lay the 
highly cultivated condition of the prefent age. London is 
the focus of the fine arts of England, and fountain-head of 
excellence* Here all the eminent artifts of the country either 
originate, are educ^Ued, or terminate their career ; hecaiife 
all the great mafters refide here ; the bell inftrudioo is to 
be obtained ; the moft celebrated productions to be feen and 
iludied ; and annual exhibitions difplayed to the public. 
Iq the rooms of the Royal Academy at Somerfet-hoiife, in 
thofe of the Britilh Inftitution, Pall-Mall, at Spring-gardens, 
and in Bond-llrcet, are annual exliibitions of paintings, draw- 
ings, fculptural and arclftiedLiral defigns; and a careful 
examination of the works here exhibited will fumifli a 
foreigner with ample means to appreciate the individual and 
aggregate merits of Englifh artifts. Befides thefe public 
cxiiibiri:*n8, it will be expedient to vifit the galleries of 
Mr. Weft, Mr. Turner, Mr. Wilkie, Mr. Lawrence, and 
fome other painters ; for in thefe will be found feveral of the 
moft meritorious works of the age. The bell produdlions of 
our modern fculptors will be found in the church of St. 
Paul's and in Weltminfter Abbey ; whilft the true talents of 
the architects can only be appreciated by a perfonal examU 
nation of the buildings they liavc creflcd. The public in- 
ilitutions devoted to the fine arts are the following : 

At the Royal Academy ^ in Somerfet-houfe, is an annual 
exhibition, for the period of about fix weeks, of paintings, 
drawings, flcetches, models, and proof-prints. This academy 
was eilablilhed by charter in the year 1768, and fir Jofiiua 
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Reynolds appointed its firft prefident. To this jreat artiftV 
talents as a pointer, conduct as a man, and writings on art, 
the Royal Academy is effentially indebted for its profperity 
and reputation. His fafeinating produ^ions, engaging 
manners, and luminous difeourfes on painting, attrafted thr 
attention and patronage of many perfons of diftindlion, and 
at the fame time roufed the emulation and active xeal of the 
junior artifts. Since fir Jofhua's time, Mr. Weft has oc- 
cupied the prefidential cluiir, with little interruption, and h^s 
honoured the academic exh bitions with a continued fuccef- 
fion of new pidfures in the higheft branch of art. A feries 
of lectures has been annually given at the academy by dif- 
ferent profelFors ; all calculated to advance art, and incul- 
cate proper principles of tafte and criticifm. Some of the- 
prefent lefturers are defervedly famed for profeffional 
fciencc, as well as for general knowledge. In the years 
1811 and t8i 2, the following profeffors delivered le£l urea 
on their refpedive provinces of art : Heilry Fufeli, on 
painting; John Soane, on architedlurc ; Anthony Carlifle, 
on anatomy (it is neceffary to ftate that this gentleman i» 
not a member oft he academy) ; J. M. W. Turner, on per- 
fpe£live ; and John Flaxman, on fculptnre. The Royal 
Academy confifts of forty members, called l^oyal Academi- 
cians, twenty affociates, and fix affociate engravers. Fur- 
ther particulars of this inftitution will be given under Royaz# 
Academy, 

The Britf/h Itflttuitony in Pall-Mall, was eftablifticd by 
the liberal contrioiitions of feveral noblemen and gentlemen 
in the year 1 805, for the exprefs encouragement of Britifti' 
artifts : and it mull afford much gratification to the founders 
to contcMuplate its great utility and fuccefsful effeds. This 
inftitution is devoted to the exhibition and fale of pi6lures j 
and to the ufe of young Undents for copying from and 
Undying old paintings. Another plan has been recently 
adopted, which is calculated to enhance its utility and re- 
putation. This is the pnrebafe of pre-eminent piflures, 
which arc to be preferved as the property of the inftitution,. 
and from which engravings are to be made on a large fealc*. 
The firft of this fcrics is a large painting by Mr. Weft, of 

Chrift healing the Sick in the Temple!” and Cluirles> 
Heath is engraving a plate from it. 

The Society of Painters in Water-Colours was eftablifhed iiz. 
November 1804, fince which time they have annually ex- 
hibited a large and interefting colleftion of drawings. This 
branch of art may be faid to have attained nearly the highefi 
excellence; and many of its profelTors have manifefted dif- 
tingiiiihed talents. In colouring, effcifl, and appropriate 
character, feveral young artifts. of the prefent age have fur- 
pafled any of the old mailers in this branch of art. Another 
fociety of artifts have made an annual exhibition of drawings in 
Bond-llrcct. The colkuSlions of pi^lnrcs' in private houies in 
London are numerous, and many of them very valuable. The 
moft celebrated of thefe are »he marquis of Stafford’s, at Cleve- 
land Houfe ; (for an account of the<e pi£ture«{, ftrc Britton*a 
“ Catalogue Raifonne,” and Treftiam’s Gallery of Pic- 
tures;”) the colledion at Buckingham-houfc ; the earl of 
Grofvenor’s, in Grofvenor-ftreet ; Mr. l^liomas Hope’s, in 
Diichefs-ftreet ; Mr. H. W. Hope’s, in C.ivendifh-lquare 
Mr. Anclerdon's, Spring Gardens ; Mr. Weft’s, in New-^ 
man-ftreet ; carl of Suffolk’s, in Harley-ftrect ; the duke o£ 
Devonfhire’s, in Devonftiire-houfe ; Mr. Angerftcin’s, Pall- 
Mall; fir Abraham Hnnie; fir' George Yonge, in St rat- . 
ford-place; lord Northwick’s, in Hanovcr-lquare ;r Mr. 
Weddel’s, ^ Upper Brooke-ftreet ; lord Aftibu'rfiham’s^ in> 
I)over-ftrce\ ; baronefs Lucas, in St. James’ s-fquare s fir 
George Beaumont, in Grofvenor fquare ; Mr. William. 
Smith, in Park-ftreet; Mr. Knight, of Portiand-place 
Mr. Jeremiah Harman, of Finibury-fquare ; Mr. R. P.. 
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Knight, of Soho.f<|uare ; lord Radftock, in Portland- 
place. Befides thcfc, there are many other coUeaiont of 
nne pidures in various pam of the metropolig. For much 
vfeful information refpedine the fine arta in Liondon,' flee, 
fee Hoare’s ** Inquiry into the prefent State of the Arts of 
Defign in England,'' 8vo. 1806; alfo two other volumea 
in 4to. edited by the fame intelligent and liberal writer, en- 
titled •• The Artift, in a Scries of Effays;** alfo, The 
fine Arts of the EnglifK School," 4to. 18125 Britton’s 
Preface to an Account of the Corfham-Houfe Colledion 5 
and Edwardses Anecdotes of Painters in England, 4to. 
1808. 

Courts . — For an account of the various courts of London, 
the reader is referred to a former volume, under the head 
Court of Common Pleas^ of Chancery^ of Exchequer^ of 
HuftingSi (j/* Kinyfs Bmch^ of MarJLalfeay Mayor* of Par- 
liament, (fee Parliament,) of the Houfe of Peers^ of Star 
Chamber ; alfo. Inns of Court. 

Literature and Rterary Publications . give a view of 
the literature of this metropolis, and to point out its prefent 
ftate, compared with that of any former period, would be 
to develope one of the mod interefting traits, not only of 
London, but of the prefent age. The number and variety 
of works which annually iflue from the metropolitan orels 
are truly aftonifhing ; while in point of ability and ufefulnefs 
they were probably never exceeded. I'here is not indeed a 
department, either in fcience or general literature, which 
has not made confiderable progrefs within thefe few years. 
The publilhing and booklelling bufinefies are at prefent 
conduced upon very large fcaies 5 and, in fpite of a long 
and devafiating war, a 'fucceffion of new and iiiterefiing vo- 
lumes is continually ilTuing from the profs. It is con- 
jectured that nearly 800 new books and pamphlets have been 
annually publifhed in London, during the lad ten years: 
the grofs annual returns arifing from the printing and felling 
of which cannot be much (hort of one million derling. It 
is aUb edimated that 2000 perfons at ]ead are directly and 
collaterally employed in the various branches of the book 
fcufinefs. The character and extent of periodical literature 
form a prominent feature of the prefent age : for the number 
of reviews, magazines, newfpapers, and other periodical 
journals, far exceed thofe of any former period. Hence 
much political and general knowledge has been difleminated 
through the country 5 a fpirit of inquiry and invedigation 
has been excited ; and a literary turn has been given to the 
higher and middle clafTes of focicty. Even the lower clafles 
tot mechanics and fervants are now much accudomed to 
reading : one of the confequences arifing from which is that 
we frequently hear of men of genius and talents darting up 
from humble dations, and difplaying to the atlonilhed world 
much originality of thinking. Many indances of this might 
be adduced ; but it will he fufficient to name two or three, 
to prove the aflertion : Burns, Dermody, and Bloomfield, 
the poets; and Drewe, the metaphyfician of Cornwall. 
Nothing can more plainly (hew the reading charadcr of the 
prefent times, than a knowledge of the number of newf- 
papers printed and circulated ; and which number is thus 
dated m The Piflure of London for 1812 Of the 
morning papers, there are fold about 1 7,000 of thefe pub- 
lications; of the daily evening papers, about 12,000; and 
tot thofe publidied every other day, about 10,000. There 
ftre alfo aixiut 26,000 iold of the various Sunday papers ; 
and about 2o/>oo of the other weekly papers : in all, the 
^enormous number of 232,000 copies ter week ; yielding to 
their proprietors from the fale 5800/., and from advertife- 
menta 2000/. more ; of which the revenue to government is 
ibh 4000/. and the net proceeds to the proprietors about 
tPOQh x tbe remaining 2800/. aftords employment and fob- 
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fiilence to about go wiftcrs and reporters, 300 printers, 
100 vendors, and 100 clerks and alfillants ; befides paper- 
makers, ftationers, type-founders, &c. full 200 more. If 
to thefe be added the weekly calculation of 250,009 copief 
of provincial papers, yielding 10,000/. per week, and lup- 
porting the indufiry of 1500 perfons what a wonderral 
idea is afforded of the agency and influence of the prefs in 
this empire ; and how ealily is it accounted for, that we are 
the moll free and mod intelligent people on the face of the 
earth.** Under the words Magazikb, Newspaper, and 
Review, we (hall have opportunities of detailing many 
fafts and peculiarities refpeaing thcfc different publications* 
See alfo Journal, Literary. London abounds with book- 
fellers* (hops ayd circulating libraries. It is afferted that 
the firft circulating library eftabli(hed in this town was by a 
Mr. Baths, about the year 1 740 ; but Alan Ramfay had 
founded one at Edinburgh as early as the year 1725. In 
London there are publi(hed feventeen newfpapers daily, and 
eighteen or nineteen every Sunday, befides eighteen once or 
twice a week. The number of monthly magazines and re- 
views amounts to fifty ; m addition to which, there are 
feveral works publiihed quarterly, or at irregular periods. 

Societies for the Encouragement of the Arts^ Sciences^ 
London poffelTes a variety of inftitutions formed with a view 
to the advancement of the different branches of art and 
fcience ; among thefe the Royal Society undoubtedly takes 
the lead, being compofed of the moft difiingui(hed literary 
and fcientific charafters of the prefent age. It was firft in- 
ftituted at the clofe of Cromwell's rebdhon, at which time 
its meetings were held at Oxford. In 1659 they were ad- 
journed to Grelham college, London 5 but of late years have 
been held at an apartment in Somerfet houfe. V'nis fociety 
was incorporated in 1 663, when the celebrated fir Ifaac New- 
ton was preiident, and has, through the medium of its 
Tranfadions, and by its patronage, probably contributed, 
more than any fimilar body in the world, to promote ufeful 
andpradical knowledge. (Sec Royal Society.) ' The fo- 
ciety of Antiquaries, which holds its meetings in the fame 
place with the Royal Society, was incorporated by Geo. II. 
in the year 1751. Tlie objed of this fociety is to encourage 
refearch in the elucidation, not only of our national anti- 
quities, but of the antiquities of other countries. It has 
publi(hed fixtecn volumes, called the Archscologia, contain- 
ing many curious and interefting effays and prints, alfo a 
large work illuftrative of our ecclefiaftical architedure. (See 
Society of Antiquaries^ and Antiquary.) The fociety 
for the encouragement of arts, manufadures, and commerce, 
inftituted in 1753, and holding its meetings in the Adelpht, 
propofes the attainment of its objeft by giving premiums for 
all inventions and difcoverics which may prove, and are cal- 
culated to be, beneficial to the arts, commerce, or manu- 
fadures of the kingdom, the Britilh colonies, or the Eaft 
India fettlements. A volume of the Society’s tranfadions is 
publifhed occafionally. The walls of the great room, in 
which its meetings take place, are adorned with a variety of 
paintings from the pencil of Mr. Barry, the ftyle and exe- 
cution of which have infiircd him defer ved immortality, and 
are really an honour to the country. The Linnaran fo- 
ciety was founded in 1788, and incorporated in 1802. 

( See X/>;/f#uif Society. ) The Royal Iiiftitution, fituated 
in Albemarle ftreet, owes its foundation chiefly to the 
fchemes and exertions of count Rumford. Its charter 
of incorporation is dated in 1800. The original obje^l 
of this inftitution was to facilitate the introdudion of uleful 
difcoverics and improvements in pradical mechanics, ar.d 
to point out, by pnilofophical ledures and experiments, the 
application of fcience to the common purpofes of life. The 
inveftigations and important difeoveries of Dr. Davy, the 
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leflureron themillry, have conferred no fmall degree of ce- 
lebrity on this eftabiifhment, whde they will not improbably 
be the means of effcdling a complete change in our views of 
chemical analyfis. (See Royal Inflitutum.) The Lon- 
don Inftitution, as well as the Surrey Inflitution, embrace 
limilar objeds to the one preceding. The former was 
founded in iSoji and the latter in 1808. Both have ex- 
tenfive libraries and reading rooms, furnilhed with many of 
the foreign and domeitic journals and other periodical works, 
together with the belt pamphlets and new publications. 
The views of the Ruffel Inftitution are the formation of an 
extenfive library, confifting of the molt valuable books in 
ancient and modern literature, to be circulated among the 
proprietors, the delivery of lednres on literary and fcientific 
fubjeds, and the eftablilhmcnt of a reading room. In Grelham 
college, founded by fir Thomas Grelham, lediires are de- 
livered gratis twice a day during the terms, on divinity, law, 
phyfic, aftronomy. geometry, mufic, and rhetoric. As it hap- 
pens in all inftitutions on a fimilar plan, the ledurers, having 
no llimulus to exertionj confidcr their duty as a mere matter 
of routine, and arc confcquenlly ill attended. Some idea is 
entertained of transferring them and the funda to the London 
Inftitution, where it is hoped they mav be more efficient, 
and anfwer better the defign of the benevolent founder. The 
Britiffi Miiieralogical Society was eftabhlhcd in 1799* 
exprefs piirpofe of examining gratuitoufly the compofition 
of all fpecimens of minerals and foils, fent for that purpofe 
by the owners of mines, agriculturalifts, or others ir.terefted in 
the enquiry. The Iciencc of entomology will probaiily be 
much forwarded by the inftitution of the Entomological 
Society, which took place in i8o6, and which chiefly direas 
its attention to the inveftigation of the properties of fuch m- 
fetts as are natives of tl« united kingdoms. The London 
Architeaural Society has publilhcd a volume of Effays, 
8vo. 1 80S : alfo an ElTay on the Doric order. 1 he Horti- 
culiural focicty was founded in 1804. A Geological 
Society is cftablilhed by Tome fcientific gentlemen in Lin- 
col i s iiin-rields ; they have recently jpublifticd an wtereft- 
inw volume of their tranfaaions. Before we quit thele in- 
ftitiuior.s it may be proper to remark, that the iiumbw and 
variety of leaures that have been- read in them mult have 
rr .ved be-ef.cial to feience ; by exciting inquiry, and in- 
v. aicetMi ' farts by expciiwent. Till thefc inliitulions were 
eftabhihi d, there were but few public kaures givMin Lon- 
don • fuch, however, have been the influence and efh^Of them, 
that' during the winter of 1811-12, it may be afleitOT that 
no lefs than foiirtcen courfes have been given at the Royal, 

Ruffel and S’rrey Inilitiitions. We fuhjoin the names of the 

I. M. Good, efq , Geo. John Singer. efq., Dr. Shaw, l.Ac 
cum, efq., S im. Wettley, efq., Mr. Hardie, Robert Bake- 
well, elq., We- Brande, James Quin, efq., John Pond, efq., 

and Win. Haflitt, efq , . ^ t, /r i o - • 

The Britiffi Mufeum, fitiiated in Great RuiTel-ftreet, is a 
grand national depoRtoryof antiquities, ^^^S.and books, with 
various natural and artificial ciinofitics. It was elUblifljed by 
aft of parliament in 175:3, m confcqucnce of fir Hans bioane 
having left, by will, his mufeum to the nation, on condition 
that parliament paid 20 oool. to his executors, and purchafed 
a houfe fufficiently commodidus for its reception. Since 
that period many valuable colleftions of raanufenpts, books, 
fcc have, at different times, been added to the Sloaiiean, be- 
fides innumerable prefents from our own monarchs, foreign 
princes, the boards of Admirdty and Longitude, the Eaft 
India Company, the various literary focieties of London, 
Edinburgh, Oxford, Cambridge, and Leyden, the Royal 
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and Imperial academies of Sniflelsi LiAon, 8 cc* and a long^ 
liH of private individuals, too ntimerous to be particularizcdw 
The vaft variety of articles which this mufeum contains^ its 
extent and value, entitle it to be confidcred equal to any in the 
worli Under the word Museum wfll be gives further 
particulars of this national rcpofitory ; in the mean lime the 
reader is referred to a Synopfis of the Contents of the 
Britifh Mufeum/* 8vo. 1808 ; and to a quarto work of 
“ Engravings from the Gallery of Antiquities in the Britifh 
Mufeum/* oy Mr. Taylor, Combe, and Mr. Alexander. 
T/tis very handfome and inrerclling work is now in the pro* 
grefs of publication, and is very creditable to the truftees 
who have commenced it, and to the draftfman and author 
by w'hom it is chiefly executed. 

Public Ficcs and -The general tendency of the 

preceding llatements only (hew the beft and moil interefting 
features of the metropolis. It is onr duty alfo to depift 
its vices ; and to fhew the numerous places that are fet apart 
for the punifluneut of crimes. In Colquhoun*3 work on 
“ tlie police of the metropolis,’* is fuch a deplorable dif- 
play of profligacy and criminality, that an inexperienced 
reader, who knew London Only through the medium of this 
publication, would conclude that its inhabitants were mollly 
compofed of vagabonds, fharpers, pickpockets, and protti- 
tutes. It fliould be remembered, however, that the work 
is chiefly devoted to this fubjeft ; and that, amidll fo vaft a 
population, and where there are fo many opportunities for 
rotjues to pradife their depredations, and fcrcen thcmfelvcs 
from detedion, it is not furprifing that fo many arc collcded 
together, and that out of a great number fo few are brought to 
condign punilhment. To this great hive of human fociety, 
the moft vicious, and alfo the moft learned refort, as the 
beft place for adion and exertion. The worthy magiftrate 
already named, has enumerated and defcribed eighteen dif- 
ferent claffes of cheats and fwindlers who infell the me- 
tropolis, and prey upon the honeft and unwarv ; befides 
perfons who live by gambling, coining, houfebreaking, rob- 
bery, and thofe who plunder on the river. He deduces the 
origin of moft of the crimes from alehoufes, bad education of 
apprentices, fervauts out of place, Jews, receivers of ftolcn 
goods, pawnbrokers, low gaming-houfes, fmuggling, aflb- 
ciations in prifons, and prevalence of proftituiion. No lefs 
than 50,000 proftilutes are fuppofed to live in the metro- 
polis. An amazing number, and a diftreflSng circum- 
ftance to contemplate ; for it is prefumed that eight- 
tenths of thefe die prematurely of difeafe and in wrctchcd- 
nefs, having previoufly corrupted and contaminated twice 
their own number of young girls and young men. The 
following is a hft of the public prifons. 

1. Newgate, being the city and county goal for debtors, 
felons, iibcUers, and other offenders againft government. See 
Newgate. 

2. Giltfpur-flrect Compter W'as ercAcd in 1791, for 
debtors, felons, and perfons committed for mifdemeanors.. 
It is fituated near Newgate, and is a large, commodious 
building, 

3. Ludgate, adjoining to the laft mentioned, is appro- 
priated only to debtors wIk> are freemen of the citfof Lon- 
don, clergymen, pro£lore, or attornies. 

4. The Poultry Compter is chiefly for debtors. It is 
fituated near the Manrion-houfe,and has one ward fet apart for 
Jews ; the only prifon in England that has fuch a provifion. 

5. The Fleet Prifon is for debtors, and for fuch perfons 
as are committed for contempt of the courts of chancery, 

6. The Savoy Prifon, in the Strand, is exclufively de- 
voted to deferters and military delinquents. 
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7 - The New Prifen, Clerkenwell, is the goal for the 
county of Middlcfex, for Felons, and perfons fined. 

8. The Prifon for the Liberty of the Tower of London, 
is at Bethnal-green, and is ufed only for foldiers belonging 
to the Tower. 

p. Whitechapel Prifon for debtors in the 5/. court. 

The houfcti of correction are 

JO. The City Bridewell, Bridge-ftreet, Blackfiriars. 

11. Tothill-liclds Bridcvve l. 

12. Cold Bith Fi'.lds Pt'iiitentiary Houfe. 

13. New Bridewt’li, in the borough of Southwark. 

14. County, goal for Snfrey, in the borough of South- 
wark, for felons and debtors, 

15. New goal, Southwark, or Borough Compter, for 
felons and debtors. 

1 6. Clink goal, for the diftrift of that name, in South- 
wark. 

17. The Marihalfea goal, Southwark, for pirates, and 
for perfons arrefted for fmall debts in the Marfhalfea court. 

18. King’s-bench prifon, St. George’s Fields, for dcluors, 
and for perfons committed for contempt of the court of 
King’s-bench, of which this is the peculiar prifon. 

Public Buildings. — It will furprife a foreign architeft to 
look through the wealthy city of Loudon, and perceive fo* 
few public edifices that difplay arcliitedural be.HUty, or 
grandeur. Various circumftances have confpired to occafion 
this; and not want of abilities in our artills : for many names 
can be mentioned, both of deceafed and living architefts, 
vrhofe defigns would honour and ornament any city. Thofe 
whofe works are mofl confpicuous in London, are Inigo 
Jones, fir Chriftopher Wren, Gibbs, Hawkfmoor, Dance, 
Soane, Samuel Wyatt, Jupp, fir Robert 'Pay lor, Smirke, 
Milne, Holland, and Adams. The public ediikes of Lon- 
don, are bridges, (for an account of which fee Bridges,) 
churches, public offices, hofpitals, and private manlions. 
Squares and regular flrects conllituic a diftirguifliing fea- 
ture of town archite6kure. Some of the j^ublic buildings 
are fpacious, coimnodidus, judicinufiy adapted to their re- 
fpe£livc purpofe?, and difplay beautiful, fine, and even grand 
parts. The Englifh archite6l is juilly noted for the flcill 
and judgment he often evinces in dcfigmng and adapting the 
interior of his buildings ; and this is certainly the mou ef- 
fential part of the profclfion. The principal public edifices 
within die precin^s of the city, and in the eailern part of 
the town^ are the Tower ; the New Mint ; the Trinity 
Houfe ; the Bank ; the Manfion Houfe ; the Royal Ex- 
change ; the Eaft India Houfe; the Aui 51 ion Mart ; the 
Commeroial Mart ; the Cufiom Houfe; the Excife Office; 
Guildhall ; the bridges of London and Blackfriars ; the 
Poll-office ; Newgate; Giltfpiir-flrcet Compter; St. I.uke's 
Hofpiul; the churches of St. Paul, Bow, St. Stephen's 
Walbrook. St. Bride's Fleet-flreet. 

Tifwer of London. — This celebrated building ftands on the 
north bank of the river Thames, at the eallcrn extremity, 
and juft without the limits of the city. If credit is to \ye 
given to the ftatement of Fitz-Stephen, it owes its original 
foundation to Julius Cx far, but this affertion is fupported bv 
no evidence. The firfl authentic notice of it is, that Wil- 
liam the Conqueror eredled a fortrefs here immediately upon 
his obtaining pofTeffion of London in the year 1066, with the 
view of intimidating the citizens from any oppofition to his 
iifurpation This monarch feems, about twelve years after- 
wards, either to have much enlarged the previous edifice, or 
to have built another on its feite or near it. This building 
forms, what is now called, the White Tower, from its hav- 
ing been repaired and white-wafhed by Henry 111 . in the 
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year 1 240. It is a large fquare firuAurc, fituated near the 
centre of the prefent fortrefs. and furmounted by four 
watch towers, one of which is ufed as an obforvatory. It con- 
fitts of three lofty Rories, in the firft of whidh are two grand 
rooms, one of wliicli is a fmall armory for the naval fervice. 
The other buildings and fortifications have been created 
at different periods. The principal of the former are, the 
church dedicated to St. Peter ud vincula ; the ordnance of- 
fice ; the mint ; tlie record office ; the jewel office ; the 
horfe armory ; the grand ftore-hoiifc ; the new or fmall 
armory houfes belonging to the officers of the Tower, and 
barracks for tlic garrifon. The whole coniprifes, within the 
w'alls, an extent of tv. elve acres and five roods. The ex- 
terior circumference of the ditch, which entirely furroiinds 
it, meafures 31J6 feet. This ditch, on the fide of Tower- 
hill, is ttroad and deep, but becomes much narrower on that 
neareft the river, from which it is divided by a handfome 
wharf, having a platform upon it, mounted with fixty-onc 
pieces of cannon. Befidcs thefe, there are a nvimber of great 
guns, arranged as fmall batteries, on difterent parts of tlie 
walls. The chief entrance is by a (lone bridge thrown over 
the ditch on the wefUfide of the Tower. At the outer ex- 
tremity of this bridge are two gates, and w'ithiu the ditch 
another, all which arc (hut every night, and opened in the 
morning with particular formality. .The wharf is conneded 
w'ith the Towtr by a drawbridge, near wkicli is a cut 
leading from the ditch to the river, fecured by a gate called 
Traitor's Gate, from the circumftance of ilate prifoners 
having been formerly conveyed by this pafi'age to Wellmin- 
iier for trial. 

This fortrefs was a palace, inhabited by various fovereignsof 
England till the reign of queen Elizabeth. Since that period 
it has been chiefly ufed as a ft ate prifon, aad as a place of 
fecurity for arms and property belonging to the crown. In 
one of the rooms of the White tower, .called Caifar's chapel, 
a variety of ancient records of the court of chancery are 
depofited. All the models of invented engines of dc- 
ftrudtion, which have been prefented to government, are pre- 
ferred in another room adjoining. The old mint, and the 
houfes belonging to the officers employed in the coin- 
age, occupied nearly a third of tlie whole fortrefs. A yard, 
to the right of the weftern entrance, contains the royal 
menagerie. In the Spanifli Armory are kept the trophies 
of the celebrated vid\ory over the Spanifa armada; the axe 
with which the unfortunate Anne Bullen was beheaded; and 
a reprefentation of queen Elizabeth, dreffed in the armour 
file wore when (he addreffed her army at Tilbury, in the year 
1588. The Small Armory, one of the fincll rooms of its 
kind in Europe, contains comjdetc ftands of arms for 
upwards of 100,000 men, arranged in a moil elegant manner, 
befides other curiolities. Under this armory is another very 
noble room belonging to the royal train of artillery, where 
many beautiful and uncommon pieces of cannon may be feen. 
The Horfe Armory is filled withcuriofitics of different kinds. 
Among thefe are t he figures of the kings of England onhorfe- 
back, chiefly dreffed in the ancient armour. In the Jewel Of- 
fice are preferved the imperial regalia, and all the crown jewels 
worn by princes and princeiFes at coronations. Independently 
of feveral, which are intllimable, the value of the precious 
fiones and plate in this office confiderably exceeds two mil- 
lions fterling. Thefe, as well as the government of the 
wh ile Tower, are entrulled to the care of an officer, called the 
conftable of the Tower, who has under him a lieutenant, de- 
puty-lieutenant, tower-major, gentleman porter, and a num- 
ber of inferior officers. The garrifon is compofed of a detach- 
ment from the guards. The riiing ground adjacent to the 
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Tower 18 called Tower-hill. The right of the city to this fpot principally for the accommodation of public fales» but it 
was long difputcd by the crown» but in the reign of Edward has ^n extended to provide equal conveniences for fale by 
III., fome of the king’s officers having ereded a gallows private contraA ; and thus to form a complete market for 
here, the citizens remonftrated, whereupon that monarch fugar, cotton, coffee, tobacco, indigo, and other imported 
iffued a proclamation, which he difavowed in the aft, and goods. 

virtually acknowledged the city’s jurifdi£fion, by delivering The building is compofed of two principal parts. The 
over the perfons about to be executed to the fheriffs ; and front confifts of an entirely new edifice, 64A feet long, and 39 
defiring that they fhould prefide at their execution. On the feet broad, with a done front, ornamentea with fix columns 
feite of the old vi6tualling office, to the eaft of the Tower, of the Ionic order, adopted, with little variation, from the 
an extenfive building has been lately ereded from defigns by temple of Miner a Polias, at Priene. Thefc columas arc 
Mr. Smirke, jun. for the Mint. It is compofed of a long fupported on pedeflals, which red on the cornice of an in- 
front of done, confiding of a ground>floor, with two dories ferior order, compofed not of columns but of piers, whofe 
above; the whole furmounted by a handfome baludrade. fquarenefs and folidity form a contrad with the lighter and 
The wings are ornamented with piladers, and in the centre more varied proportions of the columns above. This order of 
are feveral demi-columns, over which is a pediment, decorated piers forms the ground dory of the building. The fpaces bc- 
with the arms of England. The porch is covered with a tween the pcdeftals are filled up with baluders, and above the 
gallery, baludrades, &c. all of the Doric order. Adjoin- windows, which arc large and fuited to the fcale of the 
ing are houfes for the principal officers. building, are five bas-reliefs, executed in artificial done by 

Manjion-hoyfe.'^l^hx^ building, the refidence of the lord Bubb : the middle compartment reprefenting the city of 
mayor of London, is fituated to the wed of Lombard- London, tlie four others, Navigation, Commerce, Agricul- 
flreet and Cornhill. It is of an oblong form, and ‘con- ture, and the Arts. The whole of the ground- floor of this 
dru6led of Portland done. From its maffivc dyle and vad edifice is occupied by a magnificent codec-room, at one end 
extent, it is calculated to make a magnificent appearance, of which, between two columns, appear the dairs leading 
but the edV6f is dedroyed by its confined fituation. A wide to two public fale-rooms, one of which is about 35 feet by 
and lofty portico, compofed of fix fluted pillars of the 30, and again on the upper floor to three more fale-rooms, 
Corinthian order, with two piladers at each fide of their each about 25 by 20 feet. 

pediment, of the fame order, form the chief ornament of The fecond building formerly qonfided of three houfes, 
the front. Under this portico is a low bafement dory, in which are now thrown into one : the lower floors are divided 
the centre of which is the gate-way leading to the kitchen into a number of counting-houfes, the upper into five fliow- 
and offices. A flight of deps afeends to the principal cn- rooms, the larged of which, fixty feet long, is appropriated 
trance door-way beneath the portico. Thefe dairs are in- for the exhibition of goods intended for fale. 
clofed by a done baludrade, continued along the whole Particular attention has been paid to the lights in thefe 
length of the front. The pediment of the portico is rooms, and by a fucceffion of Iky-lights floping to the north 
adorned with a piece of fculpture emblematical of the the perfed light of day is admitted, and the fun cfFedtually 
wealth and grandeur of the city. In the centre Is a fe- excluded. The fpace between thefe buildings, and that be«* 
male figure reprefenting the city, having a wand in her hind the latter on the ground-floor, is occupied by a number 
right hand, and her left reding on the city arms. On her of rooms lighted in the fame way, all of which are intended 
head is a mural crown, and under her left foot a figure of for the fale of fugars. 

Envy. Near her on the right is a cupid, with the cap The objeft of this building is the attainment of public 
of liberty affixed to a fhort- daff, leaning on his fhouldcr, convenience ; by bringing into one point what before had 
and beyond him reclines a fea god, to reprefeot the been fcattered among feveral coffee-houfes, and the rooms of 
Thames, having at his fide an anchor fadened to a cable, individuals. 

To the left of London is Plenty, with a cornucopia, tnd Eafl India Houfe % — This edifice is fituated on the foutk 
behind her two naked boys, with bales of goods to denote fide of Leadenhall-dreet, and comprifes the principal offices 
Commerce. The wed fide of this edifice prefents a range of the Ead India Company. It was originally founded in 
of very noble windows, placed between coupled Corinthian the year 1726, but has recently been fo much altered and 
piladers. Its interior exhibits a fufficient degree of fplen- enlarged, under the fupcrintendancc of Mr. .Tiipp, architect 
dour, but is far from being comfortable, as many of the to the company, as to appear like an entire new building, 
rooms are dark. Some of the apartments are very large. The front, compofed of done, is very extenfive, and dif- 
and fitted up in a fumptuous dyle ; particularly the Egyp- plays a general air of grandeur and fimplicity. In the cen- 
tian hall, the ball-room, &c. tre rifes a noble portico, fupported by fix Ionic fluted co- 

Commercial HalL - It has long been a complaint in the lumns. The frieze is fculptured with a variety of antique 
city that fome refpeftable place of general accommodation ornaments, and the pediment exhibits feveral figures emble- 
was wanted for the difpofal of imported merchandize, but matical of the commerce of the company, proteAed by his 
principally for that of colonial produce. Several attempts majedy, who is reprefented in the aft of extending a mield 
have been made to remedy this defend, but without fuccefs. over them. On the apex of the pediment is placed a 
About a year ago, MelTrs Smith, Marten, and St. Barbe datue of Britannia, to the ead of which is a figure of Afia, 
called a meeting of merchants and brokers, in order to eda- and on the wed another of Europe. The interior can 
blifti an inditution for this purpofe. A large fubfeription boad of feveral very noble apartments, particularly the fale- 
was raifed almod inftantly, and as foon as a plot of ground, room, which may be judly reckoned among the curiofi- 
fufficiently large, and in a fuitablc fituation, could be pro- ties of the metropolis. In this houfe the courts of the Eaft 
cured, a number of plans were fubmiited by different archi- India Company are held, and all its official and general 
te£l8, from an examination and comparifon of which, a new bufinefs tranfa6ted. Several large and commodious ware- 
defign was formed and carried into execution under the direc- houfes are didributed in different parts of the towns, where 
tion of J. Woods, jun. whom the committee chofe for their teas and other imported goods are depofited. See Com* 
arcHte^. The original intention of the edablifhment was pany, Eaji India* 
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The London Monument noble pillar> perhaps 

Rnell in the world, Hands on the call fide of tifh-arect.hill, 
about two hundred yards from the north end of I.ondot 
brid^re. It was ereded by the celebrated fir Chrillophcr 
Wre^, to commemorate the dreadful lire of 1666, which 
deftroyed a great part of the city, and commenced near this 
fpot. This monument is a fluted column of the Doric order, 
withabafeand capital, furmounted by a ball. Its diame- 
ter at the bafe is fifteen feet. The mafly pedeflal mcafures 
40 feet, the column 120, the cone above it, with its urn, 42, 
fo that the entire hei;jht of the pillar is 202 feet. The in- 
tcrior contains a flight of 34^ Heps, afcending to a bal- 
cony, from which the vifilor has a very extenfive p-(>f- 
ped of the metropolis and the adjacent country. The 
obfeure fituation of this beautiful and majeftic pillar is 
much to be lamented, for were it placed in a confpicuous 
pofition, it would form a great and Hriking ornament to the 

metropolis. , r . p 

The Poji-Ojice is fituated in an area on the fouth fide ol 
Lombard-Hreet. Asa building, it is not only unworthy of 
notice, but when the importance and magnitude of its con- 
cerns are confidered, is really a difgrace to the country 
and the metropolis. Such an important ellablifhment fhould 
be well and properly accommodated. As a national inftitu- 
tion, however, it deferves particular attention, being per- 
haps the moil per fed fyftem of internal economy, of its 
kind, in the world : it Keeps up a con ft ant communica- 
tion, diredly or indiredly, with every town in the united 
Idngdom, as well as with every foreign port in the "'oft re- 
mote degree conceded with the Britilh empire. It poflefTes 
likewife the double advantage of being incalculably ufeful 
to individuals, and affording a large revenue to the govern- 
ment. Indeed, of all the means ot finance any minifter ever 
employed, it is beyond comparifon the beft ; while at the 
fame time it may juftly be regarded as the foul of commerce. 
The prefent poft-oflicc ,wa8 built in 1760, but fmee that time 
great additions have been made to the building. At the 
commencement of the poft-ofTice fyftem, the v^iole was 
vefted in private perfons, and was irregular, defcdive, and 
infecurc. A few years back a very important plan was fug- 
gefted by Mr. Palmer, of conveying letters to all parts of 
the kingdom by means of mail coaches ; whereby a fpeedy 
communication, and fecurity from robbery were effeded. 


See Mail Coaches, and Post-office. 

TheTrinity On the north fide of Tower-hill is a 

laree, handlome, regular building, which was ereded from 
defigns by Samuel Wyatt, architeS. The chief bufinefs 
«f the Trinity-houfe corporation, which was founded in 
1512, is conduded here, though the old eftabliflied houfe is 
at Deptford. The corporation confifts of one mailer, four 
wardens, eight affiftants, and twenty-cight elder brethren, 
who are ftyled “ the guild, or fraternity of the mod glorious 
and undivided Trinity, and of St. Clement, in the parifh of 
Deptford-Strond, in the county of Kent." The objed .of 
this corporation is to fuperintend and guard the interns of 
the Britifti ftiipping, both military and commercial Tlieir 
powers are extenfive ; and their objeds important. ^“^7 
have to examine the children who are inftruded in mathema- 
tics in Chriirs hofpital ; examine the mafters of the king's 
fhips ; appoint pilots for the Thames ; ered light-houfes and 
fea-marks in the Britifh feas; grant licences to poor fea- 
men who are not free of the city, to ply for fares on the 
Thames ; fuperintend the deepening and cleanfing of the 
river, &c. The Trinity-houfe contains fome handfome 
apartments, particularly the hall, the ilair-cafe> and the 
court-room \ in one of which is a fine model of the Ihip 
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called the Royal William ; alfo portraits of twenty-four ol 
the elder brethren, and of other eminent perfons. 

7 'he Lunatic HoJj^ltaU called St. Luke's, in Old-ftreet, a 
large pile of building, was ereded from defigns by George 
Dance, who alfo built the prifons of Newgate and the 
city Compter. In ail thefe he manifefted much (kill and 
judgment ; but there is a great want of both in the new 
front. 

The Outldhall of the city is a piece of architedural 
abfurdity. — It is appropriated to the chief public offices 
of the corporation of London ; the principal of thefe is 
the great hall, a 53 feet long, by 48 broad and 55 high,) 
in which the large city feafts are held, where public meet- 
ings are afiembied, and the lord-mayor and members of par- 
liament eleded. Here are feveral portraits of fovercigus, 
judges, lord-mayors, See. ; alio large marble monuments to 
the juftly elleemed lord-mayor, Beckford, the great lord 
Chatham, &c. Befides the liall, the following offices are 
included in the prefent building ; chambcrlain's-office, the 
court of king's bench, in which the lord-mayor’s court and 
feffions of the peace for the city are held ; a court of common 
pleas, and court of exchequer ; a court, called common coun- 
cil chamber, for the lord-mayor, aldermen, and commou 
council. Attached to the Guildhall is an old chapel, which 
formerly belonged to a religious cftablifliment, but is now 
ufed as a juftice-room for the aldermen. 

7 'he Bank of England^ an immenfe pile of building, is more 
extenfive in its range of offices, and more eminent for its ar- 
chitcdlnral adornment and interior arrangement, than any 
fingle public edifice in the mctr^olis : for Somerfet-houfe, 
or place, confifts of various ofnce^i, dwelling- houfes, &c. 
It prefents an irregular and incongruous medley of ftylcs 
and forms ; having been built at various periods by three dif- 
ferent architeds. The oldeft part, ie. the centre of tire prii> 
cipal, or fouth front, with fome apartments on the fame fide, 
was defigned and ereded by George Sampfon, in the year 
1733 ! and the lateral wings of this fayadc. and the returns 
on the call and well lides, with feveral offices immediately 
attached, were built by fir Robert Taylor, between 177c 
and 1786 : but the great alterations and additions that have 
been made fince the year 1788 by Mr. Soane, conftuute the 
prominent features of this noble edifice. It would occupy 
a volume to defi ribe the whole arrangement and extent of 
the bank ; it muft fuflicc on the prefent occafiun to mention 
a few of its leading charaderiftics. The whole buildings 
are included in an area of an irregular form, the exterior 
wall of which meafures 365 feet in front, or on the fouth 
fide ; 440 feet on the weft fide ; 410 feet on the north fide, 
and 245 feet on the eaft fide. This area compnfes eight 
open courts, one rotunda, or circular room, feveral large 
public offices, committee rooms, and private apartments 
for the refidence of officers and fervants The principal fuite 
of rooms is on the ground-floor, and there is no floor over 
the chief offices ; but it is iieceffary to ftate, that beneath 
this floor, and even below the furface of the ground, there 
is more building, and more roomn than above-ground. Part 
of the edifice is railed on a miarlhy, foft foil, for the flream 
called Wallbrooke ran here, and it has beei* necefiary to pile 
the foundation, and conftrudl counter arches beneath the 
vvalls. The following is a lift of the principal public rooms, 
with their dimenfions ; on the fouthern fide, dividend^ay 
office, 44 by 40 feet ; the three per cent, ivduced omce, 
50 by 40 feet ; pay-hall, 40 by 70 feet ; llock-officc, 60 by 
45 fwt ; three otners of nearly the fame dimenfions ; the 
rotunda, 55 feet in diameter ; the confol office, 80 feet 
by 48, is a noble room \ court-room, 60 by 30 feet, ad- 
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Joining wbich is the great committee room ; office for notes 
under 5A, 60 by 40 feet ; and the chief cafliier’s office, 
45 by 30 feet. Befides thefc, the Bank contains many other 
offices and apartments : among which may be named thefe- 
cretary’s offiee, bullion office, deputy governor’s rooms, 
general calh-book office, out-ttUer’s office, land-tax re- 
demption office, loan, or property office, drawing office, 
accomptant*8 office for the new fpccie, cheque office, re- 
duced annuity office, dividend pay-office, armoury, bank- 
note printing-office, engraver’s rooms, the library, See. 
Such 18 the extenfive bufinefs of the bank, that above 1000 
perfons are employed in its various offices. Of the architec- 
tural charatfterilHcs of this edifice, its extent, arrangement, 
and adaptation to the accumulated and increaling bufinefs of 
the Britifh bank, it will be impoffible to convey fatisfadory 
information, in a limited fpace, and without illuftrative 
prints. Wc can only briefly deferibe a few of the principal 
features. The oldeft part by Sampfon, combines a degree of 
fimplicity united with grandeur ; and was admirably adapted 
to its original piirpofe. It befpoke the charaAer of a pub- 
lic edifice, with a rich and appropriate ftyle of delign. 
The whole afTumed an air of dignity and importance, with 
a fufficiency of ornament and drefs. On a ruiHcated bafe- 
mentarctwo (lories with Ionic columns, and a bold entabla- 
ture. An uniformity of chara^:ter pervades the whole. With 
fuch a model before him, it is altonifhing thrit fir Robert 
Taylor did not defign his additions in the fame ftyle, or in 
one that harmonized with it : but it feems evident that 
he did not feel oh appreciate the charms of fimplicity. 
He preferred prettinefs to propriety, and gaiety to gran- 
deur, and therefore defigned the wings, with the offices 
immediately attached, in the inoft gorgeous ftyle of Ro- 
man archite6lure. Corinthian fluted columns, arranged in 
pairs, are p’aced along the whole front, fupporting pe- 
diments 'at both extremities, and a buluftracled entablature 
between. 

In tills facade, the archite^l has copied a building of Bra- 
mantes in the Belvidere gardens at Rome ; but Uiis very 
circumllance impeaches his tafte and judgment. For though 
the ftyle and defign might I.ave been appropriate and judi- 
cious in a fmall ornamental building, it is very abfurd in a 
great national ftrudurc, where folidity, fecurity, and fimplc 
grandeur were required. The four and five per cent* ftock 
officeg are truly difgjjfting, as works of art; and'alfo very 
defedlive as rooms for bufinefs. ^J'hey are both exa£l imi- 
tations of the interior of the church of St. Martin’a 4 n-the- 
Fields. The forms and proportions of the exterior columns' 
much excite our admiration. In the additions and improve- 
ments made to the bank by Mr. Soane, fince his appoint- 
ment in 1788, we find many novelties in defign, and fkilful 
appropriations. The rotunda is a fpacious circular room, 
with a bfty dome ; where a large and heterogeneous mafs 
of perfons of all nations arid clalTes aftcmble on public days 
to buy and fell ftock. The defign and conftruAion of the 
dome, by the laft named architedfc, are entitled to the par- 
ticular notice and admiration of ftrangers. In the three 
per cents, warrant office, the fame profound artift has dif- 
playcd much tafle and flcill. It is an oblong room, with a 
vaulted ceiling fpringing from ornamented piers ; and in the 
centre is a handfom^’ dorqe, or lanthorn light, fupported by 
caryatides. The foffites of the arches arc decorated with pan- 
nels, rofrs, and oMier obiefts in Ariel conformiiy to the 
practice of the ancient archite^ls. It is worthy (.f remark, 
that the whole is conftrufted without timber. Branching 
from this apartment is another, called the interior office, 
adapted to clerks whofe bufinefs is to guard again It forgery* 
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It opens to Lothbury court, which is a grand difplay of 
architedlural defign, two fides of it being formed by open 
fereens, with handfome fluted columns of the Corinthian 
order. ‘ Thefc are copied from the little temple at Tivoli. 
On the font hem fide of this court is a noble arch of 
entrance to the bullion court, and to other offices. This 
arch and facade are defigned after the model of the cele- 
brated triumphant arch of Conftantinc at Rome. On the 
fidcs of the great archway, are four handibme fluted co- 
lumns, fupporting an entablature, and four ilatucs emble- 
matic of the four quarters of the globe. In pannels are 
baftb-rclievi, executed by that great matter of fculpturc, 
Banks, allegorically rrprefcriting the Thames and Ganges. 
The chief cafliier’s office ic a nome apartment, in the defign 
of which the architedl has again fhewn his cnthiifiaftic at- 
tachment to claffical antiquity. It is in imitation of the 
temple of the fun and muon at Ro.me, and is fpacious, 
Ample in decoration, and cheerfully lighted by large and 
lofty windows. In the accomptant’s office, governor’s- 
court,veftibule and paffage from Prince 's-ttreet, and recefTed 
portico at the north- i^cftern angle, are fome fpecimens of 
architedlural defign, which mull excite the admiration of 
every accompliftied connoifleur. In all thefe parts we 
recognize the forms, ftyle, and detail of the beft antique 
fpecimens, carefully adapted to their refpedive fituatious, 
and calculated to gratify the eye and fatisfy the judgment. 
Stability is certainly the moll cflential objedl in fuch a 
building ; but beauty and grandeur are equally deferving 
of attention ; for the Britiin bank is rich, its proprietors 
are prefumed to be men of' learning and fcience, and under 
their aufpices we are entitled to look for fuch a M ions and 
fuch works as fliall be ornamental and honourable to the 
charader and talk of the kingdom. In the great enlarge- 
ments that have been recently made in the prefent building, 
it is evident, that the archited has been particularly atten- 
tive to the immediate bufinefs of the company, the fecurity 
of their property from fire and depredation, and a chafte, 
claffical ftyle of embelliftiment. Thefe remarks and de- 
fcripiions arc the relult of a recent examination of tliebuild- 
ing. 

Places of Worjhip , — London is diftinguiflied by the num- 
ber and variety of its places of worfliip. It contains 116 
churches of the eftablilhed religion ; above 80 chapels of 
cafe on the eftabhfhnieiit, in pariflies where the population 
is too great for their refpedlive churches ; 1 1 Roman Catho- 
lic chapels ; 17 churches and chapels belonging to foreign 
Proleftants ; fix fynagogues of the Jews ; and 13 a mceting- 
houfes of the difl'erent deuomindtioBs of Englifti Protellant 
diffenters. 

Of the 1 16 churches above-mentioned, 74 are within 
the walls of the city, 10 in London, without the walls, 
nine in the city and liberties of Weftminfter, five in the 
borough of Southwark, and 18 in the fuburbs, not in- 
cluded in thefe clafles. Of thefe we can only particularife 
a few ; for deferiptions of the whole would require a large 
volume. Pre-eminent above all the buildings of the metro- 
polis, is the 

Cathedral Church of Sf, Paul, which holds the moft 
diftinguiflied rank among the modern works of architedure 
in the Britifli empire. 'Phe ori^jinal cathedral was com- 
menced in the year 610, by Ethdbert, king of Kent, and 
the building, with its revenues and privileges, were greatly 
iiureafed by ftjccecding fovercigiu. This llrudure was 
dvftroyedby a confl.agration in 1086; after which, Maurice, 
tlieii bifliop, commcnc-wd the magnificent edifice which im- 
mediately preceded the prefeut cathedral. So great, was 
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tine magnitude of the building, that neither Maurice, nor his 
fuccefibr De Belmeis, were able to complete the under- 
taking, though each of them prefided twenty years, and 
expended great fums in the profecution of it ; the latter pre- 
late appropriated the whole revenue of his bifliopric to car- 
rying on the work, and fupported himfelf and family by 
other means. After his death the building was for fome 
time fufpended, and the eaftem part, or choir, was burnt in 
the year 1135* At what period it was reftored is uncer- 
tain ; the grand ceremony of confecratioii was performed in 
1 240 ; large additions were afterwards made to the ftruc- 
ture, and it was not till the year 1315 that the church was 
entirely completed ; being 22 g years from the time of its 
foun^tion by Maurice. This ancient cathedral mu ft al- 
ways be regarded as one of the great works of archite^lure 
of the mi(&le ages ; in dimenfions it far exceeded every 
other religious edifice in this country ; and it is reprefented 
by hiftonans as equally pre-eminent in magnificence and 
folendour of ornament. (For an account of this edifice, fee 
Dugdale’s Hiftory of St, Paurs.)' In the reign of James L, 
the cathedral having fallen to decay, a royal commiflion was 
ifiiied for its repair ; but nothing of confequenqe was done 
till the advancement of Laud to the fee of London, in the 
fucceeding reign. This prelate exerted himfelf zealoufly in 
favour of the negleded building ; a fubfeription was col- 
ledtqd to the amount of 101,33c?. 4/. 8//. ; and Inigo Jones 
was appointed to fuperintend the undertaking. He com- 
menced his operations in 1633 ; and the work went rapidly 
OB $ill the breaking out of the civil war threw all things 
into conFufion, and the parliament confifeated the unex- 
pended money and materials. After the reftoration, the 
repairs were again commenced ; but after much labour and 
expence, the great conflagration in 1666, deftroyed the 
chief part of the building, and irreparably damaged the 
remainder. Still, however, the magnitude of the work, 
and the contemplation of the vaft expence of building a 
new cathedral, occafioned a lapfe of feveral years before it 
was finally detained that all attempts at reparation were 
hopelefs. The impradicability of reftoring the ancient 
church being now apparent, Dr. (afterwards fir) Chrifto- 

5 her Wren, was ordered to prepare plans for a new cathe- 
ral. The pulling down the remaining walls of the old 
ftruAure, and the removal of the rubbim to the amount of 
47,000 loads, proved exceflivel^ laborious as well as danger- 
ous, and feveral men were killed in the progrefs of the 
work. This being completed, the firft ftone of the new 
edifme was laid Jiftie 21, 1675; defign was profe- 

cuted with fuck diligence and fuccefs, that within ten years 
the walls of the choir and fide aides were finifhed, together 
with the circular porticoes on the north and fouth Tides. 
The laft or higheft ftone of the building w'as laid at the top 
of the lantern in the year 1710 ; and diortly afterwards the 
queen and both houfes of parliament attended divine fervke 
in the new cathedral. The whole ftru£ture was thus com- 
pleted ill thirty-five years, by one architedt, fir Chriftopher 
Wren, and one mailer maibn, Mr. Thomas Strong, and 
while one prelate. Dr. Henry Compton, filled the Tee of 
London, 

The genera] form or ground plan of St. Paul’s cathedral 
is that of a Latin crofs, with an additional arm or tranfept 
It the weft end, to give breadth to the principal front, and 
a (emictrcular prme&on at the eaft end for the altar. At 
the extremities of the principal tranfept are alfo femicircular • 
proje&k>n9 for porticoes ; and at the angles of the crofs are 
^uare proje^ions, which, hefides containing ftaircafes, 
ee&ries, &g« fcrveainuiicttfebuttrefies tothedm which 
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riles from the interledion of the nave and tranfept, and is' 
terminated by a lantern, furmounted by a ball and crofs of 
copier gilt. The weft froiit of this fabric confifts of a noble 
portico of two orders, the Corinthian and the Compofite, 
refting on a bafement formed by a double flight of fteps, 
of black marble, and furmounted by a fpacious pediment. 
On each fide is a tower, with columns, flee, ; one ferving 
as a helfrey, the other as the clock-tower. In the tym- 
pan of the pediment is a very large piece of fculpture, 
in baflo-relievo, of the converfion of St. Paul; and on 
the apex a gigantic ftatue of the fame apoftle ; whilft 
on either hand, along the fummit of the front, are other 
coloflal ftatUes of St. Peter, St, James, and the four 
evangelifts. Large ftatues of the other apoftles ar^ placed 
upon pediments on the fide walls of the fabric. The 
dome IB the mo ft remarkable and magnificent feature of 
the building. It rifes from a circular bafement, which, 
at the height of about twenty feet above tlie roof of the 
church, gives place to a Corinthian colonnade, formed by 
a circular range of thirty columns. Above the colonnade, 
but not refting upon it, rifes an aitic ftory with pilafters 
and windows, from the entablature of which fprings the 
exterior dome, which is covered with lead, and ribbed at re- 
gular intervals. Round the aperture, at its fummit, is 
another gallery ; and from the centre rifes the ftone lantern, 
which is furrounded with Corinthian columns, and crowned 
by the ball and crofs. 

In its interior form, this edifice is entirely conftruded on 
the plan of the ancient cathedrals, wx, that of a long crofs, 
having a nave, choir, tranfepts, and fide aifi^ ; but, in place 
of the lofty tower, the dome in this building rifes in elevated 
grandeur from the central interfe£lion. The architedlural 
detail is in the Roman ftyle, Ample and regular. The piers 
and arches, which divide the nave from the fide aides, are 
ornamented with columns and pilafters of the Corinthian and 
Compofite orders, and are further adorned with fhields, fef- 
toons, chaplets, cherubim, flee. I'he vaulting of this part 
of the church merits great praife for its light and elegant 
conftru6lion : in this, each ievery forms a low dome, fup- 
ported by four fpandrils ; the bale of the dome being en- 
circled by a rich wreath of artificial foliage. The central 
area below the dome deferves particular attention : this is 
an o£tagon, formed by eight maifive piers, with their cor- 
rellative apertures, four of which, being thofe that termi- 
nate the middle aides, are fort^ feet wide, while the others 
are only twenty-eight ; but this difparity only exifts as high 
as the firft order of pilafters, at which level the fmalltr 
openings are expanded in a peculiar manner, fo tliat the main 
arches are all equal. The fpandrils between the arches 
above form the area into a circle, which is crowned by a 
large cantilever comice, partly fupporting by its projeftion 
the whifpering gallery.” At this level commences the 
interior tambour of the dome, which confifts of a high pe- 
deftal and cornice, forming the bafement to a range of 
apparently fluted pilafters of the Compofite order, the in- 
tervals between which are occupied by twenty-four windows 
and eight niches : all this part is inclined forward, fo as to 
form me fruftum of a cone. Above, from a double plinth, 
over the cornice of the pilafters, fprings the internal dome ; 
the contour being compofed of two iegments of a circle, 
which, if not interrupted by the opening beneath the lan- 
tern, would have interfeflled at the apex. The dome, the 
idea of which was confefledly taken from the pantheon at 
Rome, is of brick, two bricks thick ; but, as it rifes, at 
every five feet has a courfe of brick, of eighteen inches 
long, bending through the whole thicknefs : tor greater fe- 
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€unty alfo, i« the girdle of Portland (lone which encircles 
the low part| an enormous double chain of iron, llrongly 
linked together, and weighing nearly 96 rw/., was infrrted 
in a channel, which was afterwards filled up with lead. Over 
this cupola is a cone of brick, fo built as to fupport a ttone 
lantern of an elegant figure. The choir is of the fame form 
and architedtural ftyle as the^ody of the church. 

The dimenfions of this vaft fabric arc, height from the 
ground without to the top of the crofs 343 feet, extreme 
kngth within joo feet, greateft breadth 223 feet. The 
entire afeent to the ball includes 616 Heps. The weight 
of the ball, which is capacious enough to contain eight per- 
fons, is 5600 lbs. ; and that of the crofs, 3360 lbs. For 
a more particular deferiplion of this edifice, with plan of 
the fubftrufture, elevation of the weft front, feftion of the 
dome, and north-eaft view of the exterior, fee “ Fine Arts 
of the Englifh School/^ 4to. 1812. 

The particular objects of curiofity which are comprifed 
in this church, and generally ftaevvn to ft rangers, are the 
whifpering gallery, which encircles the interior of the lower 
art of the dome, and is fo conftrudtcd, that a low whifper 
reathed againft the wall, in any part of the circle, may be 
heard on the oppofite fide ; the library, chiefly remark- 
able for the floor, which is conftru6led with fmall pieces 
of oak, difpofed in geometrical figures ; the beautiful 
model, conftru 61 ed by fir Chriftopher Wren ; the geo- 
metrical ftaircafe, the fine ft fpecimen of the kind in Great 
Britain ; the clock, and great bell on which it ftrikes. 
The clock is of great magnitude ; the length of the mi- 
nute-hand is eight feet, and its weight 75 lbs. ; the hour- 
hand five feet four inches, and its weight 44 lbs. ; tlie dia- 
meter of the dial is eiglitcen feet ten inches ; the length 
of the hour-figures two feet two inches and a half; the 
bell is about ten feet in diameter, and its weight nearly four 
tons and a quarter. 

About the year 1 790 a feheme was fuggefted, and has 
been happily carried into effect, for breaking the mono- 
tonous uniformity of the architedlurnl maffes in the interior 
of the cathedral. Tliis was done by admitting large and 
noble monuments for eminent public perfons deceafed. 
Thefe may with ftriiH propriety be termed nationah a® com- 
memorative of Britifli virtues, talents, or heroifm. Statues 
are already erected ft)r Mr. Howard the philanthropift, Dr. 
Johnfon, and fir William .Tones. Here are alfo moniltftcnts 
for generals Aberevomby and ITundas, and for captains Moftc, 

Riou, Weftcott, Burgefs, and Faulknor. Others are now 
erefting for marquis Cornwallis, lord Howe, and lord Nel- 
fon. The latter is interred in the vault under the centre of 
the building ; and near him, his friend lord Collingwood. 
Among other eminent characters who have been depofited 
in thcle vaults, are fir Chriftopher Wren; Dr. Newton, 
late biftiop of Briftol; Alexander Wedderburn, carl of 
Rofslyn ; fir John Braithwaitc ; fir Jofliua Reynolds, pre- 
lident of the Royal Academy ; and two other eminent 
artifts, James Barry and John Opie, efqrs. 

Although the churches in London are moftly plain, ordi- 
nary in architecture, and in obfeure fituations, yet a few 
of them are entitled to the notice and admiration of a 
ftranger. That of St. Stephen Walbrookc, built by fir 
Chriftopher Wren, is very fmall, but is jnftly efteemed for 
its novelty of defign and architedtural adornment. •• The 
plan is original, yet fimple ; the elevation furprifing, yet 
chafte and beautiful ; the dome, fupported by eight arches, 
fpringing from eight fingle columns, is wonderfully light and 
feenic in its effect.’* (Mahon’s Pidturefque Tour, p. 76.) 
Over the altar is a fine picture reprefenting the interment 
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of St. Stephen, by Weft. The following churches and 
tow^ers have claims to architeftural beauty, or fcientific 
merit. The tower and fpire of Bow'-church, in Clieapfide, 
by fir Chriftopher Wren ; the tower of St. Michael’s, in 
Cornliill ; the tower and fpire of St. Bride’s, in Fleet- 
ftreet ; tlie church of St. Mary, called the New church, in 
the Strand, by James Gibbs ; the church of St. George, 
in Bloomfljury, by N. Hawkfmoor, built in 1731; the tower 
and fpire of St. Dunftan in the Eaft, by lir Chriftopher 
Wren ; and the church of St. Paul, Co vent Garden, by 
Inigo .Tones., 

Members of ParliammU — The city of London has no more 
weight in the legiflativc reprefentation of the kingdom, 
than two fmall boroughs which are the property of an in- 
dividual. It fends four reprefentatives to parliament, who 
are chofen, not by the inhabitant houfeholders at large, but 
by the livery of the feveral companies. The right of elec- 
tion was anciently veiled in the freemen of ilie city, which 
gave rife to many contefts between the freemen and livery ; 
till an aft of parliament, pafled in the eleventh year of 
George I., decided the queftion, and gave a peremptory 
right to the livery only. To be poflefled of this eleftive 
franchife, a man muft have previoufly obtained his free- 
dom of the city, and alfo of One of the trading compa- 
nies, either by patrimony, fervitude, or purchafe; and 
muft afterwards be admitted to the livery of his com- 
pany. The prefent number of eleftors is about eight 
thoufand, which is not above a third part of the number 
of inhabitant houfekeepers. The eleftions are held in 
Guildhall, and the fheriffs are the returning officers. The 
city fent two members to parliament as early as 49 Henry 
III. The number was increafed to four, 6 Edward II. : 
in that and the fucceeding rcignf four were frequently fent j 
but fincc 43 Edward III., this number has been uniformly 
returned. 

Inns of Court and CAjwrrry.— The defign of thefe efta- 
blifliments having been curlbrily noticed under Inns, it 
may be proper here to fubjoin fome further particulars rela- 
tive to each. The inns of court in London are the Inner 
Temple, the Middle Temple, Lincoln’s Inn, and Gray’s 
Inn ; but there are feveral other places called inns, which 
are appendages to the former. The Temple, belonging to 
the two focieties of the Inner and Middle Temple, is an im- 
menfe aflemblage of buildings, extending from Flcct-ftreet 
to the Thames ; and from Lombard-ftreet, White-friars, to 
Eflex-ftreet in the Strand. It derives its name from a re- 
ligious boufe, which was founded by the Knights Templars, 
wlio were crufaders ; and, in the beginning of the twelfth 
century, formed themfelves into a . military body at jeru- 
falcm, for the protcftlon of the pilgrinoa who vifited the 
holy fcpulchre. On the diflblution of the order, the Temple 
was granted to the Knights Hofpitallers of St. John of Je- 
rufalem ; and by them it was let for i o/. per annum to the 
ftudents of the law, whofe fucceffors ft ill poflefs it. (See 
Hospitallers and Templars.) The Temple is an ir- 
regular building : in Fleet-ftreet are two entrances, one to 
the Inner and one to the Middle Temple ; the latter has a 
front, in the llylc of Inigo Jone^, of brick,* ornamented with 
four large ftonc pilafters, of the Ionic order, with a pedi- 
ment. There are four other entrances ; but the gales of all 
are fliut at night. The garden of the Inner Temple is of 
great extent, and is laid out on the banks of the Thames, 
with fpacioiis walks, 8cc, The Middle Temple has alfo a 
garden, but fmall : both are open to the public in fumnier« 
The hall of the Middle Temple is a fpacious and curious 
room : the Inner Temple halli which is fmaller, is oma- 
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mcnted with the portraits of fcveral of the judges. Each hall is an oak cafe, of very grtat antiquity.— Clement’s Inf!> 
fociety has a good library for the ufe of its ftudcnts. In the near St. Clement's church in the Strand, a dependent on 
treafury chamber of the Middle Temple is preferved a great the Inner Temple ; it contains an elegant hall, and a garden 
quantity of ancient armour, which belonged to the 'Knights kept with particular care, in which is a fun-dial, .fupported 
Templars. The Temple Church belongs in common to by a kneeling figure of confiderable merit,^ brought from 
both focieties, and ts open for dirine fervicc twice every day. Italy by lord Clare. — New Inn, a^oining to the laft men- 
The Kni^ts Templars built a church on this feite, which tioned, and an appendage to the Middle Temple.— -Lyon’s 
being deSroyed, the prefent edifice was erected by the Inn, fituated in Wych Street, and belonging to the In- 
Knights Hofpitatiers. It is in the early pointed and late ner Temple. For hiftorical and deferiptive particulars 
circular ftyles of arChitefture, and confifts of two diftinft of thefe cftablifhments and buildings, the reader is referred 
parts: at the wellern end is a fpacious round tower or vefti- to Dugdale's ‘‘Origines Juridiciales/' folio, 1680$ Hfy- 
bule, forming a grand and Angular entrance to the church, bert’s “Antiquities of the Inns of Court and Chancery,” 
In this are the ftatues of eleven Knights Templars. The 8vo. 1804; and Lane's “Student's Guide to Lincoln's 
organ is eftcemed one of the fineft in the world. Since the Inn," 8vo. 

time of Henry VIII. the fuperior clergyman of this church Gmertf/ Before doling this interefting and im- 
S8 called the mailer of the Temple, and is fo conftituted by portant article, it feems proper to offer a very few re- 
the king’s letters patent. For an account of this church, marks on the charadteriilic features of the metropolis, the 
with ground plan and prints, fee Britton's Architedural manners and condition of its inhabitants, and the local 
Antiquities of Great Britain, vol. i.— -Lincoln's Inn is fitu- peculiarities by which it is diflinguifhed. Such obferva- 
ated on the weft fide of Chancery-lane. On its feite an- tions, however, the reader will readily perceive muft be ex- 
ciently ftood a houfe of the Black friars, and the palace tremely general indeed. The fubjeA is too various and 
of the bifhops ’of Chichefter. The ground was afterwards comprehenfive to admit of full developement in a fedlion, 
granted to Henry Lacy, earl of Lincoln, from whom it de- fuch as the nature and limits of a work of this kind necef- 
rives its name. It appears to have reverted to the bifhops j farily preferibe. 

for the prefent pofTelTors hold it as a grant from a prelate of The vaft extent of London, and its immenfe population, 
that fee. Lincoln’s Inn occupies a very extenfive fpace: cannot fail to ftrike every vifitor with wonder and aftonifh- 
the buildings are moftly old and irregular. An attempt has ment. Even to thofe wno have previoufly refided in Paris, 
been made, but never completed, to rebuild the Inn on a or in any other large city, thefe circumftances alone muft 
regular plan. A confiderable range, called the Stone be matter of furprife ; for not only is this city far more ex-* 
Buildings, faces the weft. This plan, the work of fir Ro- tenfive than the imperial metropolis, but it contains at lead 
bert Taylor, is Ample and elegant in its exterior architec- 400,000 more perfons. Thefe, like the inhabitants of all 
ture ; and the chambers arc on a grand and commodious great trading cities, are a heterogeneous mafs, compofed of 
fcalc. In the old part of the building are. the hall and foreigners from every town and province of the united king- 
chapel ; the Arft of which is a fpacious room, in which the doms, with a large portion of Jews, both native and foreign, 
lord chancellor holds feals and fittings out of term. At the Indians, Germans, French, Italians, Spaniards, Swifs, and 
'ipp^r end is a painting by Hogarth, of St. Paul before people of almoll every nation in the world. From its im- 
Felix. The chapel, deAgned by Inigo Jones, is fpacious, and menfe trade, foreign and internal, a conftant communication 
raifed on large piers and arches, which form an open area is kept up with every part of the globe, as well as with every 
beneath, ufed as a burial-place for benchers only. The part of our own dominions, both at home and abroad. The 
^chapel is open for public worlhip every morning and evening, quantity of property of every defcnption flowing into the 
The garden, which in fummer is open to the public, 13 metropolis, and diflribuied from it, is immenfe. The num- 
fpacious, and forms one of the Aneft promenades within the her of (Irangers conflautly here, either on buAnefs or for 
capital. Lincoln's Inn has a good librai'y, A'hich contains pleafure, is fuppofed to be not Icfs than 100,000. Hence 
« great number of manuferipts ; the greater part of which the prodigioi.s concourfe of people in the flreets, and the 
was bequeathed by lord Hale, with a Angular injiindion, number of carriages, carta, and other vehicles, continually 
that no part ftiould ever be printed. Gray *3 Inn is fituated crowding through them, are unparalleled in any city in the 
on the north Ade of Holborn, and derives its name frcun a world 

lord Gray, who refided here. In this Inn is a fmall neat London, in its ufiial and more extenfive application, con- 
chapel, a commodious hall, and an extenfive garden, with a tains two cities, London and Weftminfter, befides the 

5 rove of large elm trees. The inns of chancery, which are borough of Southwark. The city of Weftminfter was for- 
ependent on the inns of court, are Furnival's Inn, an ap- merly entirely detached from London, for the ftreet now 
pendage to Lincoln’s Inn : it is Atuated on the north Ade denomin.’Ued the Strand was, at no very diftant period, a 
of Holborn-hill, and was the manAon of Ar Wiibam le Fur- fort of bog, or morafs, by which they were feparated. The 
neval, in the time of Richard II.— Thavies Inn, alfo de- monarchs of England have, for fevcral centuries, Axed upon 
pendent on Lincoln’s Inn : the old fabric having been re- this city as their court rclidence, and the feat of the legifla- 
pntly burnt down, a neat range of buildings is ere£ted on tive and judicial authorities. This portion of modern Lon- 
its fci:e, which is near St. Andrew’s church, Holborn. — don and its fuburbs have extended with more rapidity than 
Staple Inn, Atuated on the fouth Ade of Holborn, and an any other diilrift of the town. Its buildings are in a 
appendage to Gray’s Inn : in the hall are calls of the twelve much fuperior ftyle of architeAure, and more open and 
Caefars, and porti*ai:8 of Charles II., queen Anue, lord regular in their diftribution and arrangement, than thofe in 
MacclesAeld, and the lords chancellors Cowper and Cam- the city of London. They arc chiefly inhabited by the 
den. — Barnard’s Inn, Atuated near Fetter-lane, Holborn, nobility, gentry, and higher clafs of merchants, and though 
and a dependent on Gray’s Inn.— Serjeant's Inn,, in Chan- perhaps even inferior in external appearance to the rcu- 
eery-lane : it hat a fmall neat chapel, with feats for the dences of the nobles in fome other countries, are no where 
■judges —Clifford's Inn, Atpatednear St. Dunftati’s church, furpafled in internal fplendour and magniAcence. X«ondon, 
FkeUftreet, and aa appendage to the Inner Temple: in the within the walla, ia the great repoiitory of the mercantile 
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wealth, not merely of the metropolis, but of the whole 
country. Hence the buildings themfelves bear simple tef- 
timony to the objeA for which they were raifed. Al- 
mofl every houfe is a fliop, or a connting-houfe, and fo 
clofcly are they huddled together, that in many places 
room is fcarcely left for the palTage of a linjrle cart. 
Ground is valuable, and is fvilly occupied. This renders 
it certainly a matter of regret, and the remark is applt. 
cable to every part of the town, that there no re- 
guldtioiis, or general plan authorized by ad of parliament, 
to which all builders (hould be obliged to conform. vSuch 
a plan, it is believed, was fuggelted by fir Chriftopher 
Wren after the great fire in i666, and fince by Gwynn, 
in a quarto volume, entitled “ London and Weftminfter 
improved, &c.'’ 

In a political point of view, London bears a mod im- 
ortaht fway in deciding the opinions of the country at large, 
t is the centre from which all information, civil or military, 
emanates. The number of ncwfpapers and other political 
vehicles diftribiited here, and hence over the united king- 
dom, is prodigioufly gre.it. The foreigner who perufes 
a few of thefe, cannot but be aftonilhed at the oppofitc fen- 
timents they contain, and the freedom with which they 
praife or ceiifure the meafurea of government. This is the 
confequence of liberty, and is doubt lefs one of its chief fup- 
ports. The ruling magi 11 rate of the kingdom is not exempt 
from public cenfure and critical animadvcrfion. At the cotn- 
mencement of the year 1812, this is more notorious than at 
any former period ; and future hiftorians will have occalion 
to explain the caufe and lament the effe6t. Not only has 
London a powerful influence over the political fentimenta 
of the country, but it has likcwifc no inconfiderable fharc 
in directing the condu£l of the higher powers. This it 
cfFedls n fomc degree by tlie momb(.rs it returns to par- 
liament, which are fix in number, but much more by the 
influence and nc;he8 of fome of its chartered companies, 
as w’cll as individuals. The bank of England, mofily 
a body of merchants, is clofely identified with govern- 
iT'.cnt. The niiniller is compelled to have rccourfe the 
citizens fur fupplying tlie dcllciences in the revenue, by 
loan, all ^^hich circiim fiances render it necefTary for the 
govcTunicnt to pay peculiar attention to the interefls of the 
city in generil. 

London n.ay further be charadlcrizcd as the grand thea- 
tre for the difplay of talents either in the arts or fciences. 

It is here alone, perhaps, of all the cities in the united 
kingdom, that literary ability will receive any adequate 
reward. The artifl of genms will likewife in general meet 
here with fupport and encouragement. He will here find 
the fineft produdtions of the mod celebrated mailers in 
every department of art, by the ftiidy of wliidi alone it 
is polfible for him to aitcAin the praiie of excellence. In 
London are to be feen the bell adlor^, and the moll 
fplendid theatres. Great Britain can boafl of. The talents 
of the vocal and inflre.mcnlal performers at the opera and 
concvTls are unrivalled, and probably no city in Europe 
pofrc{l’''r. a place of public amiiremcnt more brilliant and 
iTingnifieent than Vauxl.all London likewife abounds with 
ir/.ifcums, alfo various fckutific, literary, and rational efla- 
bniluncnts. 

The trcrchanla, bankers, and higher clafles of tradefmen, 
Lear a llrong rofemSlance in manners to the gentry with 
whom, from their immenfe wealth, they are generally ac- 
cuftomed to affociate. The fame wealth, and the greater fccu- 
rity they poflefs for its enjoyment than the merchants of 
Other countries, confer upon them a fpirit of real indepen- 


dence, to which the latter are totally flrangers. From this 
fpirit of independence many advantages have undoubtedly 
arifen both to the political condition and commercial pro- 
fperity of England. Reading as it w'crc upon the fprjngs of 
our free conllitution, from which it proceeds, it tends to 
render them vigorous and tffeOtive. Britons juftly hoall of 
their trial by jury as the bulwark of their freedom, but 
of what ufe would juries be, if the individuals who 
compofc them were dependent and fubmifiive. It is to 
the fpirit of the people rather than to any particular 
forms of adminiftration that a country is indebted for its 
freedom. 

The nobility and gentry of London are of a very dif- 
ferent complexion from the fame cUifTes in other countries. 
They pofTefs the highefl polifli of manners, but unite with 
their accomplifliments a degree of manlinefs and moderation, 
therefult ot the freedom of the Englifli conllitution and the 
general diffufion of riches. A foreign nobleman confiders 
liimfelf as a diftind fpccies of being from thofe who are his 
inferior in rank and ttation, and confcquently treats them 
with arrogance and contempt. An Englifli nobleman, on 
the other hand, while fufiiciently confeious of his own fupe- 
riority, behaves towards thofe whom fortune has placed be- 
neath him with real attention and civility ; even in the ar- 
ticle of drefs he is fcarcely to be diflinguilihed from the or- 
dinary tradefman or mechanic, while the higher clafs of 
merchants fully equals him in the fplcndour of his equipages 
and cllablifhments. Me is almod wholly a ftranger to that 
indolence which iifnally refults from cxccffive wealth and 
hereditary titles. Even the ladies of high rank arc much 
lefs enervated and feeble than mod of the fame clafs abroad^ 
They are accudomed to much exercife, and to mix in the 
py.blic world. 

The beneficial operation of this fpirit on our commerce 
is the confequence of that honour and integrity, which are 
uniformly found to accompany elevation of mind. That 
honedy 13 the bolt policy, has long been an undirputed 
dogma in commercial tranladioiis in London. Hence it is 
that an Englifli merchant can often obtain credit even in 
foreign countries, where it is little pradliled, and bills of 
immenfe value are fometirncs entruded to him without re- 
ceipt or acknowledgment. But thefe remarks ought not 
to be confidered as applicable to the higher orders of 
traders only. The fame freedom of conduct and llerling 
integrity are prominent features in the cliara 6 ler of the ge- 
nerality of cllabliihcd diop-keepers, particularly thofe of 
the city. 

With refpett to phyficians, furgeons, and barrillers, they 
may be ranked with the gentry, th<augli influenced by fome 
little peculiarity of haftts and in uiners. Apothecaries- 
and atrornies may be clafibd with the better fort of ftiop- 
keepers. 

The labouring chi Acs in London are ufually of indiif- 
trious and frugal habits. Their drefs and appearance 
are far more decent and r'^'fpeftable than in any other 
city in the world, and this alone is a fufRcient evidence of 
its great trade and wealth. The fame thing may be faid 
of the pooitr fort of (hop-keepers, who, from the rate 
of their earnings, may be placed in ihe ratik of labour- 
ii»g prcple. Male and female fervants, in plain and honeft 
families, may likewife be thrown into this rank with a fimi- 
lar charatler. 

Among many rflential improvements recently made in 
London, the following are worthy of notice and commenda- 
tion. In the city, and at the ealt end of the town, we find 
that new .docks have been made on a vaft fcale, whereby 
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tlie propertj of metthantty compinici , and the government 
is, and will be, materially beneHtcd. Many comm^ions 
Ib^s and new boufet have alfo been made in the vicinity 
of thofe docks, fo that from the Tower to Limehoufc a 
new town has been formed* All the great roads leading 
to London have been much improved, and every ap- 
proach to the metropolis, excepting that through the Bo- 
rough, is broad, good, and nanked by handfome rows 
of Houfes, or detached villas. In the city, and immedi- 
ately adjacent, a wide and handfome ftreet, called Skinner- 
ftreet, has been entirely new built ; a handfome fquare 
formed in Moorfidds, other ftrects made near Temple 
Bar, feveral new buildings eroded around the Bank, and 
oth^s on Tower-hill. In Mary-le-bone a new plan is ex- 
ecuting of laying out a large park into various allotments 
of detachtd vilbs, with gardens and pleafure grounds, 
by John Nafli, efq. architcd. The dcflrudion of the 
two great theatres by fire has afforded opportunities for 
much improvement, and much has been eneded. North 
of Holbom many new fquares and ftreets have been built, 
the greater part of which has been defigned by James 
Burton, efq. In fubfequent accounts of Mary-le-bone, 
Paddington, and Westminster, many other fubjeds will 
be deferibed. 

PuUicaHofu relating to London and We^minJler.—ThoM^ 
many volumes have been cxprefsly devotw to the hiftory and 
topogp*aphy of the metropolis, it is generally admitted, and 
much to be regretted, mt not one work is fatisfadory 
cither as a comprehenfive hiftory, or popular and cenerd 
defeription. The moft elaborate, and the mofi comj^ete at 
the time of publication, is Strype’s edition of Stow’s ** Sur- 
vey of Lon^n,** a vols. folio, uxth edition, 1754 • 
ts merely a reprint of a former edition of 1720. As a fort 
of guide, or popular account of the prefent metropolis, The 
Pidure of London for 1 8 1 a,” called “the thirteenth edition, 
is beft adapted to furnifh a llranger with a view of London *as 
it is* : but this, though admirably planned, and well exe- 
cuted in parts, is repute with errors of names, dates, and 
events. Many of its ftridures are objedionable on points of 
art, tafte, and antiquities ; and one fedion on reviews and 
literary criticifm is unjuft, and of injurious tendency. The 
moft effential points of thefe two works, with much additional 
information, will be comprifed in Brayl^'s “ London and 
Middlefex ; or. An hiftorical, commercial, and deferiptive 
Survey of the Metropolis of Great Britain,'* now in the 
progrefs of publication, and promifed to be completed in 
two larg^ odavo volumes. The following are the titles of 
the other principal works relating to the topography of the 
metropolis. 

“ The Hiftory of London, from its Foundation by the 
Romans, to the prefent Time,’* by William Maitland, F.R.S. 
and others, a vols. folio, 1765* 

A new and complete Hiftory and Survey of the Cities 
of London and Weftminfter, the Borough of Southwark, 
and Parto adjacent,*^ to the year 1770, by Henry Chamber- 
lain, efq. and a fociety of gentlemen. 

M A new Hiftory of London, including Weftminfter and 
Southwark,** 1 ^ John Noorthouck, citizen and ftationer, 

4to.i773. 

« Rep^orium Ecclcfiafticum,” by< Ncwcourt, 

% vols. folio. 1708. 

“ Londinopolis, or An hiftorical Difeourfe of the City 
of London,” by Howell, folio, 1657. ^ ^ 

“ A piduxeique Tour through the Cities of London 

and Weftminfter,*’ by Thomas Mmltoo, 279a. 
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“ Londiniam Redivlvum, or An ancient Hiftory and 
modern Defeription of London,” by James Peller Malcolm, 
F.S.A. 4 vob. 4to. 1807. 

“ Some Account of London,” by Thomas Pennant, efq. 
4th edition, 4to. 1805. 

“ The Cuftoms of London, otherwife called Arnold's 
Chronicle,** new edit. 4to. 1811. 

London ; being an accurate Hiftory and Defeription 
of the Britifh Metropolis, and its Neighbourhood,** 6 vols. 
8yo. faid to be by David Hughfon ; but really com- 
piled and written by David Pugh. THs mode of giving 
ftditious names is very reprehen Ale. 

** London and Weftminfter improved, with a Difcourle 
on public Magnificence," by John Gwynn, 410. 1766. 

“ A critical Review of the public Buildings, Statues, 
and Ornaments, in and about London and WeftainAer,** 
by Ralph, archited, a new edition, iimo. 1783. 

“ A Treatife on the Police of the Metropolis ; contain* 
ing a Detail of the various Crimes and Mifdemeanors by 
which public and private Property and Security are in- 
mred ; and fuggefting Remedies for their Prevention," by 
jP« Colqukoun, L.L.D. 8vo. Several editions have been 
publiftied. 

** A Treatife on the Commerce and Police of the River 
Thames ; containing an hiftorical View of the Trade of the 
Port of London, and fuggefting Means for preventing 
Depredations thereon, &c. With a Map of the River 
from London Bridge to Sheernefs,** by P. Colquhoun, 
L.L.D. 8vo. 

“ A Treatife on the Fundions and Duties of a Confta- 
ble ; containing interefting Details and Obfervations, rela- 
tive to the Corruptions of Morals, and the Prote^ion of the 
l^i^eful Subjeds againft penal Offences," by P. Colquhoun, 

“ The Thames ; or, Graphic Illuftrations of the Seats, 
Villas, &c. on the Banks of that River,** 2 vols. 8vo. 1811. 
chiefly a book of prints. 

** The Hiftory of London and its Environs,” 2 vols. 4to. 
publiftied by John Stockdale. 

It appears from Mr. Kirwan’s “ Eftimate of the Tempe- 
rature of different Latitudes/* that from a mean of the ob- 
fervations made at the houfe of the Royal Society, from the 
year 1772 to 2780, the annual temperature of London is 
j;i°.9, or in round numbers 5; 2° ; the monthly temperature 
IS fiated in the following table : 


January 

0 

35-9 

July 

6i.3 

February - 

4»-3 

Auguft 

65.85 

March 

46.4 

September - 

59.6s 

^ril 

49*9 

October 

53.81 

Miy 

56.61 

November - 


June 

63.22 

December - 

41.04 


The greateft ufual cold is 2oS and happens in Januarv ; 
the greateft ufual heat is 81% and happens generally in July. 
The limits of the annual variation are a^.y, that is, 1° above 
and 1^.5 below the mean. 

The greateft variations of the mean temperature of the 
fame mondi, in difierent years, are as follows : 

January - 6 July - 2 

February - 5 Auguft - 2 

March - 4 September - j.y 

April - 3 Oftober - 4 

May - 2.5 November - 4 

June - 2 December ^ 3 
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Htnee it appeari that the fummeri differ much Icfit that 
die winters. 

The mod ufual variations of temperature within the 
fpace of 24 hours in every month, are 


January 

6 

July 

10 

February - 

8 

Augull 

15 

March 

20 

September - 

18 

April 

]8 

Oftober 

H 

May 

>4 

November - 

9 

•Tune 

12 

December - 

6 


TIence is feen the origin of vernal and autumnal colds. 

Mr. Kirwan has (hewn that, proportioiiab'y to i's lati- 
tudf, it is much colder in London than at Edinburgh ; for 
the mean temperature of Edinburgh in Janua-y is 24“ 5 » 
and that of London'is 3y 9 •, and this difference he alcnbe.t 
to the following caufes : iH. That Edinburgh is not ex- 
pofed to the Sihpri.aH winds as London is. adly. That 
Edinburgh is nearer to the fea. ^diy. The rigour of the 
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northerly winds is very little moderated, if not increafed, in 
pairing from .Scotland to us, particularly if the furf.ice of 
the earth is covered with fnow ; and hence, if we’ believe 
D'. Sr,oH' t. (Tmv.ls to Italy), the winters are fumetimes 
milder at Edinbiir. h than at London. 

Losdov, a town of America, in Ann- Arundel county, 
Maryland ; y mdes S.W, of .Annapolis. 

Lom>on, 77 v UwnllAli if, is fitu.red in Upper Canada, 
on the m.iin fork ut the river Thame t, is a central' poli’ion 
from the lakes E'ie. Iltron, and Ontario, and offers mary 
advanta res for being the capital of ’he province. It com- 
nmnicrates viiih l.ih.e S', CltT and the Uefoit by the riveV 
Thames ; with l.ilce 1 lu'on by the nor’liern branch of the 
Thames and a Ima’.l pu-tn m, and wi h the Onfe and lake 
Ontario bv the nidit.ry way called D"ndas-ftreet. It 
abounds with blieic and whre waliur, clurrv, bafs, elm, 
hickory, beech, .till, and maty othtT kinds of timber. It 
is fupplitd with excellent water, and the fituation is 
lu-aMiy. 
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LOOKING-GLASS^ a plain poliihed glafs fpeculum, or 
mirror, to one fide of which a plate of tin-foil is made to 
adhere by meant of quickfilver ; which being impervious to 
the light, reflects its rays, and fo exhibits the images of 
objedts placed before it. 

In confequence of this conftruftion, the looking- glafs 
makes a double refle£kion of every object, viz, one from 
the upper furface, which is the weakefi, and another from 
the under furface, which is contiguous to the tin foil. 
When a perfon ftands juft before the glafs, the two reflec- 
tions coihcide, and he perceives one image $ but if he ftands 
oblique, as at A, (Pl^e IX. Opiicj^Jig. lo.) and views the 
reflexion D, of an obje^ B C, fituated on the other fide, 
he will then perceive two images, viz, one caufed by the 
upper, and the other caufed by the lower furface of the 
glafs £ F. If the object B C be very luminous, fuch as a 
lighted candle, then the eye at A will perceive a great fuc- 
ceiiioti of candles at D, gradually decreafing in fplendour ; 
the caufe of which phenomenon is, that the ftrong refledion 
from the under furface of the glafs is again refle&ed from 
the upper furface, and this again by the lower, 6ce. 

The theory of boking.glaScs, and the laws whereby they 
give the appearance of bodies, fee under Mikror. 

LooiClMO'^i^/, thg manner of grinding and preparingy is as 
follows : a plate of glafs is fixed to a horizontal table of 
free-ftone or wood, of about the fame fize, and cemented 
to it by Paris plafter ; and to another leiTer cable is fixed in 
the fame manner another plate. Over the firft plate is 
fprtnkled fine fand and water, in a fuificient quantity for the 
grinding, and the fecond or left plate is laid on it ; and thus 
worked this way and that way, till each has planed the 
other’s furface. Thefe plates are made to rub againft each 
other evenly and fteadily by a kind of hand-mill, the wheel 
of which is wrought by a man, or if the plates be large by 
two men, who regulate the prefTure as Imj think proper. 
As they begin to become fmoother, finer fand is fuccellively 
ufed. When one fide of the pl^ite is finiihed, the plafter 
that cemented it is picked off, and the plate fb 

that the other fide may be ground in the fame maimer. To* 
wards the clofe of the operation of grinding, the preffure is 
increafed by loading the upper plates with flat ftones of 


different thickneffes. This procels lafts about three days, 
and it is of great importance that the furfaces fliould be per- 
fedUy flat and parallel, which is determined by the ruler and 
plumb-line. In order to complete this procefs, emery of 
different fineneffes is ufed, and great care is taken in Icpa- 
rating and forcing them. This is done by putting into a 
vcffel of water a quantity of rough emery, and well ttirring 
it: the coarfeft particles will fink to the bottom, and the 
finer will be held fufpended for fome time by the fuper- 
natant liquor. This liquor is poured off, and after fome 
time, about 20 minutes, the finer particles will fubfide. 
More water is then added to the veffel, and the emery ftirred 
again; and after remaining at reft about 15 minutes, the 
fiipernatant liquor is poured off ; and this by reft furnifties 
an emery of the fecond degree of fiiienefs. The fame opera- 
tion is repeated twice more at the different intervals of about 
five minutes and half a minute ; by which two other forts 
are obtained. The wet emery obtained from all thefe 
liquors is feparably heated over a ftove to evaporate the 
water, and when nearly dry, is made up into balls for the 
further operation. The plates arc then ground on both 
fides with two or three cmcrys, beginning with the coarfeft, 
and finifhed with great care. They are now perfectly 
even, and the fcratches, which after the firft operation 
remained and rendered them almoft opaque, difappear. ( See 
Grinding.) For the method of poliftiing looKing-glaffes 
and mirrors, we refer to the article Polishing. 

The plates being poliflied, a thin blotting paper is fpread 
on a table or marble flab ; and fprinkled with fine powdei^ 
chalk ; and this done, over the paper is laid a thin lamina 
or leaf of tini on which is poured mercury, which is to be 
equally diftributed over the leaf, with a hare*s foot or cot- 
ton. Over the leaf is laid a very thin fmooth paper, of 
which the kind called fan-paper is beft, and over that the 

f lafs plate. With the left hand the glafs-plate is preffed 
own, and with the right the paper is gently drawn out ; 
which done, the plate is covered with a thicker paper, and 
loaden with a greater weight, that the fuperfluous mercury 
may be driven out, and the tin adhere more clofely to tfie 

K ’ fs. When it is dried, the weight is removed, and the 
king-glals is complete. 
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Some ufc an ounce of mercury whh half an ounce of 
marcafite or bifmuth, melted by the fire ; and kft the mer- 
cury evaporate in fmoke, pour it into cold water; and 
when cold, fqueeze it through a cloth or leather. Some 
alfo add a quarter of an ounce of lead and tin to the mar- 
cafite, that the glafs may dry the fooner. For more par- 
ticular direfiions in the condud of this operation, fee 
Silvering. 

In the Phil Tranf. 24;, we have a method otfoRa^ 
(fee Foliating) globe looking-glafles, communicated by 
iir R. Southwell. The mixture is of quickfilver and bii- 
muih, of each three ounces, and tin and lead> of each half 
an ounce ; to the laft throw in the marcafite, and afterwards 
the quickfilver ; ftir them well together over the fire ; but 
they muft be taken off, and be towards coding before the 

S ekfilver be put to them. When the mixture is ufed, 
gUfs ihould be well heated, and very dry ; but it will 
do lufo when it is cold, though beft when the glafs is 
heated. 

Mr. Boy le^s method, which he prefers to any which be 


ever met with in print, is this x take tin and lead, ot each 
onejparii n^ um togetheri and immediately add of 
food tin-glafs, or bifmuth, two parts ; carefully fleim off 
Sie drofs ; then take the crucible from the fire, and before 
the mixture grows eold, add to it 10 parts of clear quick- 
filver, and having ftirred them well together, keep the fluid 
in a new clean gufs. When you are going to ufe it, iiril 

K it hy {training it through linen^ and gently poor 
ounces into the glafs to be foliated through a narrow 

E funnel, reaching almoft to the glafs, to prevent the 
^ • from flying to the fides. After this, by dextroufly 

inclining the glafs every way, endeavour to fatten it to the 
internal furface ; which done, let it reft for fome hours ; 
then repeat the fame operation, and fo continue at times, 
till the liquor is flowly paffed over, and equally fixed to the 
whole fuperficies ; which may be difeemed by expofing the 
glafs to the eye between that and the light. Boyle’s works 
abr. vol. i. p. 1 29. 

For the method of blowing and catting glafs, and the 
choice of the materials for looking-glaffes, fre Glass. 
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MACHINE, in a general fenfe, fignifies any thing that 
is ufed to augment or to regulate moving forces or powers ; 
or, it is any inilrument employed to produce motion, fo as 
to favc cither time or force. The word is derived from 
machine^ invenfion^ art ; and is tlierefore properly 
applied to any agent in which thefe are combined, whatever 
may be the ftrength or folidity of the materials of which it is 
compofed. The term machine, however, is by common 
ufage generally rellri^ed to a certain clafs of agents, which 
feem to hold a middle place between the mo ft fimplc organa^ 
commonly called tools or inftrnments, and the more compli- 
cated and powerful, termed engines. This di{lin£lfon , how’ever, 
does not enter into the pn^fent article ; we fhall confidcr 
machines under two hcnds^jimplt and compound. To the firft 
clafs belong the lever ^ the inclined plane , the ferewy the nvedge^ 
the Vfheeland axle^ and the pulley, commonly 'called the fix 
mechanical powers ; though fume aitthors will only allow the 
lever, and the Inclined plane, to be fimple machines, the 
ethers being compounded of thofe two. 


Compound machines arc all fuch as confifl of a combina- 
tion of the feveral fimpIe machines or mechanical powers 
above-mentioned, the number of which i'v the prefent ad- 
vanced ft ate of the fciences is almoft infinite. Thefe arc 
again claffed under different denominations, according to the 
agents by which they are pnt in motion, the purpofes they 
are intended to effeft, or the art in which they are employeo, 
as hydraulic, pneumatib, military, archite^lural, &c. machines. 
The ancients excelled in the two latter fpecics of engines, 
but in thofe which relate to civil arts and manufaflory, the 
moderns have doubtlefs far exceeded their maflers. With 
regard to military machines, the invention of gunpowder has 
completely changed their nature, and all thofe of the an- 
cients are become ufclefs and forgotten ; thefe were princi- 
pally of three diftin^I fpecics, viz. thofe employed for 
throwing deftru^live weapons ; as the fcorpion, which was 
for cading arrows j the catapulta for (tones and jav lins ; the 
(yrolole for flaming darts \ the baUifta for bullets, ^c. &r. 
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Others were for razing the walls of fortified places, of which 
the principal was the ariesf or battering ram ; and thofe of the 
third kind were for covering the approaches of the befiegers, 
as the wooden tower, &c. ; for a defeription of which fee the 
refpe^live articles. The warlike machines employed by 
Archimedes in the defence of Syracufe have been much ap» 
plauded by the ancients, and though many of the circum-* 
fiances related on this head are doubtlefs falfe or exaggerated, 
yet it is fufficient to know the genius of their author to be 
convinced that they were powerful and effedive, probably 
much exceeding any of ihofe of which the confirudion has 
been afeertained. 

Of the architedural machines of the ancients we arc totally 
unacquainted, and one is at a lofs to conceive what means 
they employed for tranfporting and raifing thofe enormous 
fiones which are found in the walls of feme ancient buildings, 
though it is not unlikely that they owed as much to their 
patient perfevcrance and manual labour, as to the power of 
their machines. The Spaniards, when they made the con- 
quell of Peru, were llruck with aftonilhment \o find the na- 
tives, whom they confidered as favages and barbarians, raifing 
enormous maffes of Hone of ten feet fquare for building walls 
and other purpofes, without the afilllance of any inllruments 
than thofe wdiich nature had fupplied them with : unac- 
quainted with any other fcafFolding but that of banks of eurth 
raifed againft their buildings, they contrived by llrength of 
hand to raife thefe nialfy loads up the inc.ined planes thus 
formed ; and many of the Druid ic*il icmains in this country 
were probably eiedh d in a liniilar manner. The ancient GrecK 
and Roman architects, however, were no doubt acquainted 
wuth, and employed very powerful michincsin the coullruc- 
tion of thfir iioblc edifices, wuh the nature of which we 
have not been informed j even Vitruvius, who writes ex- 
prefsly on the fiibjedt, has left us nothing that can throw 
any light on the conllrinition of lliefe engines, yet that they 
were in poflefllon of iinrneule and wonderful machinery, 
appears in the molt convincing manner to any perfen who 
reflcdls on the magnificent ilrudures which they ereded, 
and which excite to this day the wonder and admiration 
of the world, not only on account of their grandeur luid 
incomparable elegance, but alfe on account of the mechani- 
cal knowledge that I'eems indifpenfably ncceffary for dbeir 
credion. 

The hydraulic machines of the ancients were indeed mlich 
inferior to thofe of modern invention. The /crew of Archi- 
medes, and the pumps of Ctefibius, were the principal cn- 
gi.ics of this defcnpuoii ; for which fee the refpedive articles. 
As to the modern machines they are too numerous to admit 
even of a flight omimeratioii in this place ; moll of them, how- 
ever, of any importance, will be found under the feveral heads 
in tliis work. See Ckanes, JVind and JVater Mills, 
Steam Engine, &c. &c. 

Montucla, at the conclufion of the third volume of his 
Hifloirc dcs Mathematiques,’’ has given a catalogue of 
feveral intcrelhng works, which have been compiled in order 
to deferibe and exhibit the mod important and curious ma* 
chines, both ancient and modern, of which we have feleded 
a few for the information of thofe who may not poflefs the 
above-mentioned work. 

1. The firll and mofi interefiing modern work of this 
defeription is entitled ** Le divert et artificiofc machine del 
capitano Agoflino Ramelli dal ponte della Trefia, &c. &c« 
compolle in lingua Italiana et rrancefe ; a Parigi 1588,’' 
in folio, fin Germany,) in 1620. This is a very fcarce 
work, fcloom to be met with but in choice libraries. 

z. ** Machinae nov^ Fauili Verantii cum declaratione. La* 
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tina, Italica, Hifpanica, Gallica, et Germanica,** Veaetiis 
1591, 1625, in folio, with figures. 

3. ** R^cueil de plufieurs Machines militaires, 5 cc. pour 
la Guerre et Recreations/’ par Fran9ois Thypourel et Jean 
Appus, 1620, 4to. 

4. ** Heinrich Zeizings, Thcatrum machinarum,” Leipfic 
1621. 

5. ** A Century of Inventions, &c.** by Edward So- 
roerfet, marquis of Worcefter, London 1663, in i2mo. 

6. Les dix Livres d’Archiledlare de Vitruve, &c.” 
tranflated into French by Claude Perrault, 1673, f’^ho. 

7. Veterum mathcmaticorum, Athenaci, Apollodori, 
&c.” 1693, folio. This learned and curious edition of the 
ancient Greek machinicians was begun by Thevenot, and 
finilhed by La Hire ; but it relates principally to military 
engines. 

8. ** Thcatrum machinarum iiniverfale, &c.” by Jacob 
Leupold, Leipfic, feven volumes folio, 1724, 1727, 1774. 
This is the greatell and mod complete work of the kind that 
ever was publilhed. The fir ft volume is little more than 
an introdudlion to the work ; the fecond and third volumes 
contain deferiptions of hydraulic machines ; the next two vo- 
lumes relate to machines for raifing weights, the theory of 
levelling, and other fubjefls ; and the fixth treats principally 
on machines connefted with the condrudtion of bridges ; the 
feventh volume is entitled Theatre arithmetico geome- 
trique,*' where the autlior treats of all infiruments employed 
in thefe two fciences. This work would have been much 
more confidcrable, if its author had Jived to complete the 
immenfe talk he had undertaken. 

9. A fhort A ccount of the Methods made ufc of in laying 
of the Foundation of the Piers of Weftminftcr Bridge,’' by 
Charles Labelyc, 1739* 

10. ‘‘ThcAdvancementof Arts, Manufa£lures, and Com- 
merce; or, A Defeription of ufeful Machines and Models/’ by 
A. M. Bailly, London 1778, 1779, folio. 

Befides the above-mentioned works, ma^ ufeful parti- 
culars may be gathered from Strada, Beflon, Beroaldus, 
Bockles, Beyer, Lcmpergli, Van Zyl, Belidor's Archi- 
tefture hydraulique, Defaguliers’s Coiirfe of experimental 
Philofophy, Emerfen’s Mechanics, The Royal Academy of 
Sciences at Paris have alfe given a coUedlion of machines and 
inventions approved of by them. This work, publilhed by 
M. Gallon, confifis of fix volumes in quarto, containing en- 
graved reprefentations of the machines, with their deferip- 
tions annexed. 

We might have carried the enumeration of works of this 
kind to a much greater length, but the above are the mofi 
interefiing, and the reader who wifhes for farther information 
on this fubjedt may confult the hifiory of Montucla above- 
mentioned. But we ought not to omit to mention in this 
place, the fecond volume of the << Architedlure Hydrau- 
lique” of Prony, and the fecond volume of Gregory’s Me- 
chanics : the firft of thefe relates principally to fleam engines, 
but the latter contains a defeription ot the moil ufefid mo- 
dern machines for various purpofes* 

In the conilru&ion of machinery, as alfe in eftimating its 
efiedls, feveral important coniiderations naturally arife in the 
mind of a flcilful artift, fuch as the effedof F riction, Rigidity 
of re/r/,the SxjusifGTHand Stress ofmaterials; the propermea* 
fure, comparifon, and equilibrium of Forces, the laws of Rota- 
tory and Accelerated me/ion, &c* &c. Thefe are all treated 
of under the refpedive articles in the Cyclopaedia, and it 
therefore only remains for us in this place to offer a few re- 
marks on the nature of machines in genera), and the beft 
means of determining their maximum effeds. 

Machinbs are introduced for three purpofes, vie* to ac- 
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commodate the dircflion of the moving force to that of the 
refinance to be overcome : to increafe the effed of a given 
finite power, fo as to overcome a refiftance which is greater, 
and would otherwife ever remain unchanged : and laftly, to 
regulate and modify a variable force, fo as to produce a con- 
ftant and uniform cfFcdl. Thefe arc the principal ends to be 
accomplifhed by macliines, and the experienced engineer 
will always endeavour to execute them in the fimpleft man- 
ner poiTible ; for complicated machinery is not only moil 
liable to inaccurate adjuilment, and frequent difarrangement, 
but is likewife more cumberfome and expenfive, at the fame 
time that the retardation arifing from fridion, adhefion, and 
inertia, is more confiderable, and confequently a greater 
power becomes neceflary, in order to produce the fame 
effedl. Another important point to be attended to, is the 
moft advantageous application of the iirii mover, whether 
this agent be air, w'ater, fleam, or animal ftrength. To 
enter upon this quedion in all its generality, would far ex- 
ceed our limits; befides, with regard to the three former, they 
will be better in veil iga ted under the articles Wind and Water 
Mills, Steam Engine, ficc. ; what few remarks, therefore, 
we have to make on this head, will be confined to the appli- 
cation of animal exertion to the motion of machines, and for 
the other agents we muft refer the reader to the articles 
above-mentioned* 

We have a ftriking in (lance of the injudicious ajiplication 
of the exertion of men, in the old crane worked by means of 
an internal walking wheel, which, from its nature, muft be 
very heavy, while the a6lion of the man is exerted at a very 
trifling diftance from the axle, and confequently at a great 
mechanical difadvantage ; whereas in Hardie’s crane, the 
man acting externally at the greateft diflance from the ful- 
crum, produces a much greater efie£l with lefs cxpence of 
labour ; the other advantages which this machine pofTefTcs 
over the one above-mentioned, not arifing folely from this 
caufe, are not conne£led with our prefent enquiry. 

The above remark applies principally to the mechanical 
advantage to be obtained in the application of a firil mover ; 
but there is alfo another coiifideration of a phyfieal nature, 
which is equally important, and ought therefore to be par- 
ticularly attended to. No animal can exert more than a de- 
terminate and limited force; and, confequently, if it re- 
quires all this force merely to produce an equilibrium, no 
efle^l will refult from the a£lion : and, on the other hand, 
if all the ftrength of a man or liorfe is employed in giving 
motion to himielf, or to external obic 61 s before the applica- 
tion reaches the refiftance, there is (till the fame unproduc- 
tive effeCl. A man, for example, pudding at a capflan bar, 
muft firil of all walk as fall as the bar moves round, w'hich 
evidently requires an expenditure of bis mufcular power; 
but this alone will not render his exertion effective : he muil 
alfo prefs the bar forward, with as much force as he has re- 
maining above that which he expended in walking at that 
rate. The proportion of tbefe two expenditures may be 
very different under different circumftances ; and on the 
judicious feleAion of fuch circumftances as make the firft of 
thefe as fmall as poflible, lies much of the (kill of the en- 
gineer. In the common operation of thrafhing corn, much 
more than half the man^s pow’cr is expended in giving the 
neceffary motion to bis own body ; and only the remainder 
is employed in urging forward the fwiple with a momentum 
fuffleiem for fhaktng out the ripe grains from theilalk. Dr. 
Robifon mentiona an experiment, made in order to afeertain 
the quantity of power thus loft. In order to which, the 
fwiple was taken off the flail, and the fame weight of lead 
put on the end of the ftaff ; then by caufing the labourer to 
perform die ufual motions of thrafhing, wim all the rapidity 
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that he could continue during the ordinary hours of work ; 
it was found that the number of motions thus made was 
to thofe made in t]\c a^lual operation of thrafhing, in about 
the ratio of 3 to 2 ; whence we may infer, that at leaft half 
the thrafher's power is expended in merely moving his own 
body. We may alfo bring another very Ample cafe, by way 
of further illuftration. Suppofe a quantity of earth is to be 
removed from one place to another by barrows. It is ob- 
vious that the loads may be fo great, that a man muft exert 
his whole ftrength barely to lift up the (hafts, and confe- 
quently will have none left to pufh the barrow forward : if 
part of the load be taken off, he can go forward, and fo 
much the faiicr as the quantity of the load is reduced ; but 
if even the whole be taken away, he can (lill only move at a 
certain rate, and, confequently, in neither of the extreme 
cafes is any produced. It becomes then an interefting 

quedion to determine what load he ought to carry, in order 
to produce the greateft poflible eft*e£l in a given lime. We 
(hall not, in this place, enter any farther upon this fubiefl, 
trufting that what has been already advanced will be luffi- 
cient to point out the ncceflity of attending to fuch circiim- 
ttances ; and in the fubfequent part of the prefent article, 
we will endeavour to explain in what manner the proper ad* 
juftment of power and efledt may be computed. 

The nature of the firft movemetit being determined, the 
next ohjedl is to communicate it to the deitined point, where 
ti)e refiltance is to be overcome ; and much of an artifi’s (kill 
depends upon performing this in the fimpleft and mod ef- 
fedual manner poflible. In order to this, it frequently be- 
comes neceflary to convert one fpecies of motion into an- 
other fpecies : as, for example, a rotatory into a recipro- 
cating motion, or a reciprocating into a rotatory motion, 
&c. &c. The methods of forming this communication are 
extremely numerous, and it will not therefore be expelled 
that wc fhould attempt an enumeration of them. In fome 
inftances, a Ample lever or unbent cord will anfwer better 
than any combination ; in others, it is highly advantageous 
to ufe a combination of levers a£ling upon each other by 
means of fo many fulcra, and by which the dii*c 61 ion of the 
motion may be changed at pleafure ; in others, as when mo- 
tion is communicated to a feries of wheels and axles in fuc- 
ceflion, it may be effe 61 ed by a rope running in grooves 
round one wheel and the fucceeding axle, or by means of 
tooth and pinion work, by a barrel and endlcfs ferew*, and 
various other contrivances which will naturally fugged them- 
felvcs, according to the circumftances under which they 
arife. 

This part of the conftruftion being fettled, other im- 
portant circumftances require particular attention, to 
adjuil the feveral parts of the machine fo, that its motion 
Oiay be eafy, free, and uniform. One of the mod obvious 
methods of rendering a motion uniform is by means of a 
pendulum and fcapement ffee thefe two articles) ; and where 
thele cannot convenientiy apply, a fly is fometimes em- 
ployed ; for a particular delcription of which, fee Fly. 
The uniformity of a machine is not, how'ever, wholly de- 
pendent upon the application of fuch reguhitors : there are 
other points conneded with this fubjed, that muft not be 
overlooked, and on which we intend to offer a few remarks ; 
availing ourfelves, for this purpofe, of the obfervations of 
Dr. Robifon. When heavy dampers arc to be raifed, in 
order to drop on the matters to be pounded, the wipers by 
which tliey are lifted fhould be made of fuch a form, that 
the damper may be raifed by a uniform preflure, er with a 
motion almoft perfedly uniform : if this is not attended to, 
and the wiper is merely a pin flicking out from the axis, the 
ftamper is forced into adion at once, which occaAons violent 
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jolts to the machine^ and great drains on its moving parts, 
and their points of fupport i whereas, when they are gra- 
dually lifted, the inequality of the motion is never felt at 
that point of the machine where the power is applied. Wc 
have feen, fays the profeffor, pillons moved bv means of a 
double rack on the pifton rod, where a halt wheel takes 
hold of one rack, and raifes it to the required height ; and 
the moment the half wheel has quitted that fide of the rack, 
it lays hold of the other fide, and forces the pifton down 
again. This was confidcred as an improvement of the com- 
mon method of the crank, by corredtinj; the unequable mo« 
lion of the pidon. But in fa£t it is far inferior to the latter, 
as it occafions fuch abrupt changes of motion, that the ma- 
chine is (haken and torn to pieces with the jolts it occafions ; 
a circnmdance which will always be avoided as much as 
poflihle by a judicious engineer. 

When feveral ftampers, piftons, or other reciprocal 
movers, are to be railed and depreffed, their times of ac- 
tion ought to be diftributed in a uniform manner, fo that 
the machine may always be equally loaded with work. 
When this is done, and the obfervations in the preceding 
paragraph attended to, the machine may be made to move 
almoft as fmoothly as if there were no reciprocations on it. 
Nothing fliews the ingenuity of the condrudor more than 
the artriil, yet fimple, contrivances for obviating thofe dif- 
ficulties that unavoidably arife from the very nature of the 
work that mud be performed by the machine, and of the 
power employed. We mentioned, above, the convcrlion of 
the continued rotation of an axis into the reciprocating mo- 
tion of a pidon, and the improvement that was thought to 
have been made in the common and obvious contrivance of 
the crank, but which, as w'as obferved, occafioncd fuch 
jolts as would in a fhort time have dedroyed the machine. 
In order to avoid this, in a large forge where a great fledge 
hammer of feven hundred weight was to be railed, the en- 
gineer formed the wipers into foirals, which communicated 
motion to the hammer almod without any jolt whatever ; 
and under fome circumdances, this contrivance would liave 
been highly beneficial ; but in the machine to which we al- 
lude, it would not apply, as it did not communicate a fuf- 
ficient momentum to the hammer in its defeent ; yet it is 
deferving of notice, as it might in fome cafes become ex- 
tremely advantageous. 

In employing a power, which of neceflity reciprocate^ to 
drive machinery, in which a rotatory motion is reqnited, as 
in applying the deam-engine to a cotton or grid-mill, con- 
fiderable difficulties alfo arife, which mud be attended to 
with particular care. 'Fhc neceflity of reciprocation On the 
fird mover wades much power, becaufe the indrument that 
communicates fuch immenfe force mud be extremely ftrong, 
and well fupported. The impelling power is waded in im- 
parting, and afterwards dedroying, a great quantity of 
motion in the working beam. The ikilfiil engineer will at- 
tend to this, and do his iiimod to procure the nccclfary 
ftrength of the fird mover, without making it a vail load of 
inert matter : he will alfo remark that all the drains on it, 
and on its fupparts, are changing their direftion on every 
itroke ; which therefore requires particular attention in the 
manner of fupporting it. It wc obferve deam-engines that 
have been long ereSed, we lhall find that they have uni- 
formly fliakcn the building to pieces, which is principally 
to be attributed to the inattention of the engineer to this cir- 
cumdance; and experience has now taught us, that ho 
building can long withdand the defultory and oppofite jolts 
of fuch immenfe niaffes ; and, cenfequently, that the great 
movements ought to be fupported by a frame-work, inde- 
pendent of the building which conuins it. Another cir- 
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cumdance, on which the uniformity of the motion depends 
is the form given to the teeth of the wheel ; this is of great 
importance, and has excited great attention amongd both 
theoretical and pra«!dical fhachinicians. Two forms have 
been propofed : of thcfc the lirll was given by La Hire, 
who affirmed that the prcllhre would be uniform, if the 
teeth were formed into epicycloids 5 and M. Camus, in his 
** Cours de Mathematique/^ has adopted and purfued La 
Hire’s principle, and applied it to the various cafes that an? 
likely to arife in prailicc. This coullrudtion, however, is 
liable to a limitation ; on which account, a fecond method 
has been propofed, whi.‘h feciires the perfect uniformity of 
motion, without any fuch limitation. This confifts of mak- 
ing both teeth portions of involutes of circles ; but as we 
fhall coijfldcr this rubj(?dl under the articles 'I'ooTii and 
Pinion Worky it wdllbe ufeleis to infid any farther upon it 
in this place ; and wc will therefore proceed to the theo- 
retical inveftigation of the power of machines, and their 
maximum effcdls ; limiting our obfervation to thofe prin- 
cipally whofc motion is uniform, thefe forming by far the 
moll numerous clafs, and the knowledge of wdiich is, there- 
fore, of the greatell importance. 

Of tb; maximum Efeds of Machines , — When forces adling 
in contrary direi^lions, or in any fuch directions as produce 
contrary effects, there is with refpedt to every fimple ma- 
chine, and confeqiicntly with rcfpcdl to every compound 
orfe, a certain relation between the powers and the dillances 
at which they adt, which, if fubfifling in any fuch machine 
when at reft, will preferve it in that Hate of ftatical equi- 
librium 5 bccaufe the efforts of thefe powers, when thus 
related with regard to magnitude aiKi dillance, being equal 
and oppofite, deftroy each other, and have no tendency to 
change the (late of the fyftcm to which they are applied. 
So alfo, if the fame machine have been put into a (late of 
uniform motion, whether rcdtilincar or rotatory, by the 
adion of any power dillind from thofe we are now confi- 
dering, and thefe two powers be made to adl upon the ma- 
chine in fuch motion, in a fimilar manner to that in which 
they ad upon it when at rcll, their fimultancous adion 
will preferve it in that Itate of uniform motion, or dynamical 
equilibrium, and this for the fame rcafon as before ; becaufe 
their contrary effeds dellroy each other, and have, there- 
fore, no tendency to change the ftatc of the machine. But 
if at the time a machine is in a Itate of balanced reft, any 
one of ihe oppofite forces be increafed, while it continues 
to ad at the lame dillance, this cxccfs of force will difturb 
the ftatical equi-ibrium, and produce motion in the machine; 
and if the fume excefs of force continues to ad in the fame 
manner, it will, like every conftant force, produce an ac- 
celerated motion ; or if it fhould undergo particular modi- 
fications, when the machine is in different politions, it may 
occafion fuch variations as wull render it alternately acce- 
lerated and retarded. Or, the different fpecics of reliftance 
to which a moving machine is fubjeded, as the rigidity of 
cords, fridion, refiftance of the air, &c. may fo modify it, 
as to change a regular or irregular variable motion into 
one which is uniform. Hence, tlien, the motion of machines 
may be confidcred as of three kinds, as that which is gra- 
dually accelerated, which obtains commonly in the firft in- 
ftants of the communication. 2. I'liat which is entirely 
uniform. 3. That which is allcrnalely accelerated and re- 
tarded. Pendulum clocks and machines that arc moved by a 
balance are related to llie third clafs. Molt other machines 
are of the lecond clafs, at kali a fliort time after their mo- 
tion is commenced. 

Now, although the motion of a machine be alternately 
accelerated and retardedi it may, noiwithllandingi be mea- 
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fared by an uniform motion, in confequence of the period- 
ical and regular repetition which may exift in the accele- 
ration and retardation. Thus, the motion of a fecond pen- 
dulum, colifidered in relation to a Angle ofcillation, is ac- 
celerated during the firll half fecond, and retarded during 
the fecond ; but the fame motion taken for many ofcilla- 
tions may be confidcred as uniform* Suppofe, for example, 
that the extent of each ofcillation is five inches, and that 
the pendulum has made ten ofcillaiions ; its total effed will 
be to have run over 50 inches in 10 feconds, and as the 
fpacc deferibed in each fecond is the fame, wc may compare 
the efFcds to a moveable, which moves for 1 o ieconds at 
the rate of five inches per fecond. We fee, therefore, that 
the theory of machines, whofe motions are uniform, con- 
duces naturally to the eftimation of the effeds of thofe 
whofe motion is alternately accelerated and retarded, fo 
that what follows will be direded to thofe machines only, 
whofe motion falls under the fecond head, fuch problems 
being of far the greateft utility in pradicc. 

We have had already frequent occafion to make ufe of 
the terms movert or moving force ind rejijlance ; and in what 
follows, they will be ufed in the fame general fenfe. By 
tbe firft is always to be underftood any caufe of motion 
whatever, and by the latter, any thing that is oppofed to 
the adion of the former. The impelled point of a machine, 
is that to which the adion of the moving power may be con- 
iidered as immediately applied 9 and the working point is that 
where the reliftance arifing from the work to be performed 
immediately ads, or to which it ought all to be reduced. 
Thus in the wheel and axle, Plate l^Jig^ 6. Mechanics^ where 
the moving power P is to overcome the weight or refi fiance 
W, by the application of the cord to the wheel and to the 
axle, A is the impelled point, and E the working point. 
The velocity of the moving power is the fame as the velocity 
of the impelled point ; and the velocity of the rcJijlance^ the 
fame as tnat of the working point. The performance or 
^eB of a machine, or the work done^ is meafiired by the 
produd of the refiftancc into the velocity of the w'orking 
point 9 and the momentum of impulfe is mcafured by the pro- 
dud of the moving force into the velocity of the impelled 
point. 

Thefe definitions being efiablifhed, we may exhibit a 
few of the moft ufeful problems relative to the effed of 
machines, and with which we mull conclude this article. 

Let A B (Plate XXmi. Mechanics jjig, 1.) reprefent the 
velocity of «a ftream, A C the velocity of the part of the 
engine which it ftrikee, when the motion of the machine 
becomes uniform, and C B will reprefent their relative 
velocity, upon which the clFed of the engine depends. It 
is known that the adion of a fluid upon a given plane, 
is as the fquare of this relative velocity ; confequently the 
weight raifed by the engine, when its motion becomes uni- 
form, being equal to this adion, it is like wife as the fquare 
of C B. Let this be multiplied by A C, the velocity of 
the part of the engine, impelled by the fluid; and the cf- 
feft of the engine in a given time will be proportional to 
AC X C ==: (fuppofing C B to be bifeded in D) 
AC X 2CD X 2l>B=:4ACx CD x DB; confe- 
quently, the effed of the engine is greatefi when the produd 
of A C, C D, and D B is greatett. But it is eafy to fee, 
that this produd is greatett when the parts AC, CD, and 
D B, are equal j for if you deferibe a femicircle upon 
A D, and the perpendicular C £ meet the circle in E, 
then A C X C D =£ C ES and is greatett when C is the 
centre df the circle ; fo that in order that AD x C D 
X D B may be the greatett poifible, A D mutt be bifeded 
in C 1 and C B having been bifeded in D, it follows 
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that AC, CD, D B, mutt be equal 5 or that A C, the 
velocity of the part of the engine impelled by the ttreamv 
ought to be but one-third of A B, the velocity of the 
ftream. In this cafe, when, (abttrading from fridion) 
the engine ads with the utmott advantage ; the weight 
raifed by it is to the weight that would j»ifi fultain the 
force of the ftream, as the fquare of C B, the relative 
velocity of the engine and ftream, to the fquare of A B, 
which would be the relative velocity, if the engine was 
quiefeent ; that is, as 2 x* 2 103 x 3, cr4 tp 9. There- 
fore, that the engine may have the greateft effed poflible, 
it ought to be loaded with no more than , 4 ths of the weight, 
which is juft able to fuftain the efforts of the ftream. See 
Maclaurin’s Account of fir Ifaac Newton's Difcovcries, 
p. 17 1, and Fluxions, art. 908. 

Again, fuppofe that a given weight P, (Jig* 3 .) defeend- 
ing by its gravity in the vertical line, raifes a greater weight 
W, likewife given, by the rope P M W, (that paffes over 
the fixed pul’ey M) along the inclined plane B D, the height 
of which B A is given ; and let it be required to hnd 
the pofition of this plane, along vvhich W will be raifed 
in the Icaft time, from the horizontal line A D to B. 
Let B C be tile plane upon which, if W was placed, it 
would be cxadtly fuftained by P ; in which cafe, P is to 
W as A B to B C. But W is to the force with wliich 
it tends to defeend along the plane B D, as B D to A B ; 
confequently the weight P is to that force, as B D to B C. 
Therefore the excefs of P above that force (which excefs 
is the power that accelerates the motion of P and W) is to 
P, as B D ~ B C to B D ; or taking B H upon B C equal 
to B D, as C H to B D. But it is known that the fpaccs 
deferibed by motions uniformly accelerated, arc in the com- 
pound ratio of the forces wliich produce them and the 
fquares of tlic times ; or, that the fquare of the time is di- 
rectly as the fpace deferibed in that time, and inverfely 
as the force ; confequently, the fquare of the time in vdiich 
B D is deferibed by W, will be diredtiy as B D, and 

inverfely as , and will be leaft when ^ is a mini- 

B D C H 

B 

mum; that is, when -f C H + 2 B C, or (bccaufe 
B 

2 B C is invariable) when -f C H, is a minimum* 

Now as when the fum of two quantities is given, their pro- 
dudl is a maximum when they arc equal to each other ; fo- 
itjs manifett, that, when their produdf is given, their f im 
muft be a minimum when they are equal. Thus it is evi- 
dent, that as in Jig. i, the rcdlanglc or produdl of the 
equal parts A C and C D was equal to C E' ; fo the redan- 
gle of any two unequal parts, into wliich A D may be di- 
vided, is lefs than C E , and A D is the leaft fum of any 
two quantities, the produdt of which is equal to C E\ But 
B 

the produdl of ^ g and C H is B C and confequently 

B C' 

given ; therefore the fum of C H is leaft when 

k. Jnl 

thefe parts are equal, that is, when C H is equid to B C, 
or B D cqtial to 2 B C* 'It appears, therefore, that when 
the pow'er P and weight W are ^ven, and W is. to be raifed 
by an inclined plane, from the level of a given point A to. 
the given point B in the lead time poflible 5 we are firll 
to find the plane B C, upon which W would be fuftained by 
P, and to take the plane B D double in length of the plane 
£ C f or we are to make ufe of the plane B D, upon which 
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m weight that is double of W could be fiidained by the 
power P. 

For another example ; ruppofe a fluid, moving with the 
velocity and diredion A C, {Jig. 3.) llrike the plane 
C £ ; and fnppofe that this plane moves parallel to itfelf 
in the dire6\ion C B, perpendicular to C A, or that it 
cannot move in any other dirc6iion. Then let it be re- 
quired to find the moft advantageous pofition of the plane 
C £9 that it may receive the grcatefl impulfe from the 
aftion of the fluid. Let A P be perpendicular to C £ in 
P, draw A K parallel to C B, and let P K be perpendicu- 
lar upon it in K, and A K will meafure the force with which 
any particle of the fluid impels the plane £ C, in the direc- 
tion C B. For the force of any fuch particle being re- 
prefented by A C» lot this force be relolved into A Q, 
parallel to E C, and A P perpendic dar to it ; and it is 
manifeft, that the latter A P only has any eft'cA upon the 
plane C E. Let this force A P be rcfolvcd into the 
force A L perpendicular to C B, and the force A K pa- 
rallel to it ; tlicii it is manifeft, that the former, A L, 
has no eih A in promoting the motion of the plane in the 
diredlion C B ; fo that the latter A K, only, meafuies the 
effort by which the particle promotes the motion of the 
plane C E in the diredhon C B. Let E M and E N be 
perpendicular to C A and C B, in M and N ; and the 
number of particles, moving v^ith dire^lions parallel to 
A C, incident upon the plane C E, will be as E M. 
Therefore the effort of the fluid upon C E being as the 
force of eacli particle, and the number of particles to- 
gether, it wdl be as A K X E M ; or, becaufe A K 

M F* V F N 

is to A P (= EM) as ENtoCE.as 

fo that C E being given, the problem is reduced to this, to 
find when li M' x E N is the greateft poffible, or a maxi- 
mum. But becaufc the fum of E M* and of E (ss C M') 
is given, being always equal to C it follows that E N' 
X E is greateft when E N* = ^ C E' ; in the, fame 
manner as it was demonftrated above, that when the fum of 
A C and C B ( fig* 1.) was given, AC X C B* was 
greateft, when AC ^ i A B. But when E X E M* is 
greateft, its fquare root EN X E M‘ is of ncceffitjral the 
liune time greateft. therefore the adlion of the fluid upon 
the plane C E, in the direction C B, is greateft when £ 

=: ff C ES and confequcntly EM = -} C ; that IS, when 
E M, the fine of the ingle ACE, in which tht ftream 
ftrikes the plane, is to the radius, as the ^ 2 to ^ 3 ; in 
which caft; it eafily appears, from the trigonometrical tables, 
that this angle is of 5:4'^ 44'. 

Several uleful problems in mechanics may be refolved by 
what was fliew'ti in the preceding paragrapli. If we rc- 
prefent the velocity of the wind by A C, a feAioii of the 
fail 'of a windmill, perpendicular to its length by^ C E, 
as it follows from the nature of the tujgine, that its axis 
ought to be tu*iicd diredlly towards the wind, and the 
fail can only move in a dircAion perpendicular to the axis, 
it appears, that when the motion begins, the wind will have 
the greateft effedl to produce this motion, when the 
angle A C £, in which the wind ftrikes the fail, is of 
54° 44^ In the fame manner, if C B reprefent the di- 
re^ion of the motion of a (hip, or the pofition of her keel, 
abftrafting from her lec-way, and A C be the direftion of 
the wind, perpendicular to her way, then the moft ad- 
vantageous pofition of the fail C E, to promote her motion 
in the 'direftion C B,^i8 when the angle A C E| in which 
the wind ftrikes the fail, is of 54® 44'. The beft pofition of 
the rudderi where it may have the greateft effeft in* turning 


V 2 to I, but v' 2 X X — to I, the velocity of the 
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round the (hip# is determined in like manner, and the fame 
angle enters likewife into the determination of tlie figure of 
the rhombufes that form the bafes of the cells in which 
the bees depofit their honey in the moft frugal manner. 
(See HoVKY-Comb.) But it is to be carefully obferved, that 
when the fine of the angle A C E is to the radius as ^ 2 to 
V' 3 ; or^ which ia the fame thing, when its tangent is to 
the radius as the diagonal of a fquare to its fide ; tnis is the 
moft advantageous angle only at the beginning of the 
motion of the engine ; fo that the fails of a common 
windmill ought to be fo fituated, that the wind may in« 
deed llrike them in a greater angle than that of 54'' 44^ 
For it is demonftrable, that when any part of the engine 
has acquired the velocity r, the eflbrt of the wind upon 
that part will be greateft, when the tangent of the angle 
in which the wind ftrikes it, is to the radius, not as Uie 

4 a" 

wind being reprefented by a. If, for example, c z=: ia; 
then the tangent of the angle ACE ought to be double 
of the radius ; that is, the angle ACE ought to be of 
63* 26/. If r = <1; then ACE ought to be of 74® 

This obfervation is of the more importance, becaufe, in 
this engine, the velocity of the parts of the fail remote 
from the axis bears a confidcrable proportion to the ve- 
locity of the wind, and perhaps fometimes is eoual to 
it ; and becaufe a learned author, Daniel Bernouilli, has 
drawn an oppolitc conclufion from his computations in 
his hydrodynamics, by miftaking a minimum for a maxi- 
mum ; where he infers, that the angle in which the wind 
ftrikes the fail, ought to decreale as the diftance from 
the axis of motion increafes ; that if c = a, the wind 
ought to llrike in an angle of 4J® ; and that if the fail 
be in one plane, it ought to be inclined to the wind, at 
a medium, in an angle of co°. How he fell into thefe 
miftakes, is (hewn by Maefaurin, in his Fluxions, § 914. 

In like mannT, though the angle A C E of 54° 44^ 
be the moll advantageous at the beginning of the motion, 
when a fliip fails with a fide wind 5 yet it ought to be 
enlarged afterwards as the motion increafes. In general,, 
let A a (Jig. 3 ) parallel to C B, be to A C, as the ve- 
locity which the engine has already acquired in the dircc-- 
tion C B, to that of the. ftream ; upon A C produced,, 
take A D to A C as 4 to 3, draw D G parallel to C B,. 
and let a circle dclcribed from the centre C with the ra- 
dius C meet D G in ^ ; and the plane C E (hall be in 
the moft advantageous fituation for promoting tlic motion- 
of the engine, wlien it bifefts the angle a C g. 

It is generally fuppofed, that a direft wind always pro- 
motes the motion of a (hip, the fail being perpendicular to 
the wind, more than any lide-wind ; and this has been af- 
firmed in feveral late ingenious treatifes ; but, to prevent 
nil Hakes, we are obliged to obferve, that Madaurin has 
demonftrated the contrary in his Treatife of Fluxions, 

^ 919 ; where other in (lances of this fecond general problem 
in mechanics are given, to which we refer. See Maclau- 
rin's Account of fir Ifaac Ncjvton^s Philofophical Difeove- 
rics, book ii. chap. 3. p* 173^ 

Let ^ denote the abfolute effort of any moving force,, 
when it has no velocity, and fuppofe it not capable of 
any effort when the velocity is W ; let F be the effort an* 
fwering to the velocity V, then if the force be uniform,, we. 
ftiallhavc 
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Tor it 1i the difference between the eelocitie* W and V 
which U efficient, and the aaion, being conftant, will vary aa 
the fquare of the efficient velocity. Hence we (hall have 
thit analogy* 

: F ; ; (W - o)* : (W - V)% 
and, confequently, 

, = ,(5^).=, g.E.a 

Although the prefTure of an animal is not a£lually uniform 
during the whole time of its adtion, yet it is nearl]^ fo, and 
therefore in general we may adopt this hypothefis, in or- 
der to approximate to the true nature of animal adion* On 
which fappofition the preceding propofition^ as well as the 
following one, will apply to animal exertion. By retaining 
the fame notation^ we have alfo 


W 


V 4/(P 

V' ^ - V F’ 


which formulnf applied to the motion of animals, gives the 
following theorem. 

The utm^ velocity nuith which an animah unint^dedf can move^ 
tf to the velocity with which it m vee when impeacd with a given 
rejijlance ; ^as the fquare root of its ahfolute force to the ctf^ 
Jerence of the fquare roots of its ahfolute and efficient forces^ 

Again, to invefligate expreflions by means of which the 
maximum efFedt, in machines whofe motion is uniform, may 
*be determined. 

2. It follows from the obfervations made in the preceding 
part of this article, that when a machine, whether fimple or 
-compound, is put into motion, the velocities of the impelled 
and working points are inverfely as the forces which are in 
equilibrio when applied to thofe points in the diredlion of 
their motion. Confequently, if f denotes the refiftance 
when reduced to the working point, and v its velocity ; 
while F denotes the force adting.at the ihipellcd point, and V 
its velocity, we lhall have F V = y v, or introducing /, the 
time, F V # ac f V t. Hence 

In all working machines which have acquired an uniform mo- 
tion, the performance of the machine is equal to the momentum of 
the imtuffe^ 

2. Xet F be the effort of a force upon the impelled point 
of a machine, when it moves with a velocity V, the velocity 
being W, when F = Oj and let the relative velocity W — 
V ss II. 

( W — V\ • 

— ^ — V, by the foregoing pro- 


pofition, the momentum of impulfe F V becomes 




bectufe, fince W — V = «, we have V = W — 

Now making this expreffion for F V a maximum, or fup* 
preffing the conftant quantities, and making 
(W — n) s= a maximum, 
we have, by throwing it into fluxions, 

a nil W — jn'n = o,or a W =s 3«,orn = |W ; 

whence, again, V s= W — n =s W — 4 ^ = 4 

Confequentiy, when the ratio of V to o is ^iven by the 
conftruftion of the machine | and the reflftance is fufceptible 
of variation, we ought to load the machine more or lei^ till 
the velocity of the impelled point ti one-third of tbegreateft 


MACHINE 

▼elocity of the force, hi order that the work done may be a 
maximum. 

Or the work done ly an animal is the greatef when the ve- 
locity with which it moves ^ is one-third of the greatif veheitj 
with which it is capable of moving when not impeded* 

Again, fmee we have 

W* 

^ ~ ^ W* ^ ^ i 

in the cafe of the maximum, we have alfo 

for the momentum of impulfe, or for the work done when 
the macliine is in the bed Hate. 

Confequently, when the refiftance is a gfven quantity, we 
mu ft make 

V : V : : 9/ : 4 

which ftni£iure of the machine will give the maximum effeft 

= .vpw. 

If we enquire the greateft effe^l on the fuppofition 
that p only is variable, we muft make it infinite in tho 
above expreffion for the work done, which would then be* 
come 

WF, orW -/, orW -ft, 

V V 

including the time in the formula. 

Whence we come to this important conclufion, vix. 

That the fum of the agents employed to move a machine may he 
infnitt^ while the effcQ is friitc. 

For the variations of which are proportional to this 
fum, do not influence the above expreffion for the effed. 
The laft theorem may be applied to the a61ion of men and 
of horfes, with more accuracy than might at fir ft be fuppofed. 
Obfervations have been made on men and horfes drawing a 
lighter along a canal, and working feveral days together. 
The force exerted was meafured by the curvature and weight 
of the track rope, and afterwards by a fpring ileel-yard. 
The product of the force thus afeertained into the velocity 
per hour, was confidcred as the momentum ; and in this way 
the adlion of the men was found to be very nearly as 
(W — V)^ The adlion of the horfes, loaded fo as not to 
be able to trot, was nearly as (W — V) or as (W V/f 
Hence the hypothefis above adopted may, in many cafes, be 
fafely affumed. According to the beft obfervations, the 
force of a man at reft is on an average about feventy pounds, 
and the utmoft velocity with which ne can walk is about fix 
feet per {econd, taken at a medium. Hence in the above 
theorems ^ = 70, and W = 6 , confequently F = 4 ^ 
ss ji^lbs., the greateft force a man can exert when in mo* 
tton, and he will then move at the rate of j W, or two feet 
per fecond, or rather lefa than 1 \ mile per hour. 

The ftrength of a horfe is generally reckoned about fix 
times that of a man, that is, about 42olbs. at a dead pulL 
His utmoft walking velocity is about ten feet per fecond $ 
and therefore his maximum adion will be 4 x 430= iflfiflbs. 
and he will then move at the rate of 4 of xo, or sf feet per 
fecond, or nearly a^ miles per hour. In both the& inftancea 
we fuppofe the force to be exerted in drawing a weight, 
by a cord running over a pulley, which makes its direaioa 
borixontaU 

The theorem above given may ferve to (hew under what 
points of view machines ought to be confidered by tbofe 
who would labour beneficial^ for their improvement. Tht 
firft objed of utility is in turnilhing the means of giving 
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to the moving force the moft commodious dire^ion, and 
when it can be done of caufing its adion to be applied imme- 
diately’ to the body to be moved. Thefe, it is truci can 
rarely be united, but the former may, in moft inftances, be ac- 
compliflied ; of which the ufe of the fimple lever, pulley 
and wheel and axle, furnifh many examples. The fecond 
obje£l gained by the ufe of machines, is an accommodation 
of the velocity of the work to be performed, to the velocity 
with which alone a natural power can aft. Thus, whenever 
the working power afts with a certain velocity, which cannot 
be changed, and the work muft be performed with a greater 
velocity, a machine is interpofed round a fixed fupport, and 
the diftance of the impelled and working points are taken 
in the proportion of the two given velocities. But the ef- 
fential advantage of machines, and that in faft which proper- 
ly appertains to the theory of mechanics, confifts in augment- 
ing, or rather modifying the energy of the moving power, 
in fuch a manner that it may produce effefts, of which it 
would othervvife have been incapable. Thus a man might 
carry up a flight of flops twenty pieces of ftone, each weigh- 
ing fay jolbs. one by one, in as Imall a time as he copld, with 
the fame labour, raife them all together with a piece of ma- 
chinery, that would have the velocities of the impelled and 
working points as t’Wenty to one, and in this cafe the inftru- 
ment would furnifli no real advantage except in faving his 
fteps. But if a large block of 20 times ^o, or 6oolbs , were 
to be raifed to the lame height, it would far exceed bis ut- 
moft efforts to accomplifti it, without the intervention of 
fome machine. Or the fame purpofe may be illuflrated 
fomewhat differently, confining the attention dill to thofc ma- 
chines whofe motion is uniform. The produft f v reprefents, 
during the unit of time, the effeft which refuUs from the 
motion of the refiftance ; this motion being produced in any 
manner whatever. If it be produced by applying the moving 
force immediately to the refiftance, it is neceffary, not only 
that the produft F V =:. / v, but alfo at the fame time F = / 
and V = V ; if, therefore, as moft frequently happens, f be 
greater than F, it will be abfolutely impoffible to put the re- 
fiftance in motion, by applying the moving power itnmediate- 
iy to it. Now, machines furniih the means of difpofing of the 
produft F V in fuch a manner, that it may always be equal to 
fv, however much tlie faftors F V may difl’er from the analo- 
gous faftors in/ V ; and conftquciitly of putting the fyftem in 
motion, whatever may be the excefs of f above F. Or, gene- 
rally, as Prony remarks, (Arch. Hydraul. art. ma- 

chines enable U8 to difpofe of the faftors F V t iilluoha 
manner, that while that produft continues the fame, its fac- 
tors may have to each other any ratio at pleafure. Thus, to 
give another example : fiippofe that a man, exerting his 
llrength immediately upon a mafsof 25lbs. can raife it ver- 
tically, with the velocity of four feet per fccond ; the fame 
man afting upon a mafs of looolba. cannot give it any ver- 
tical motion, though he exerts his utmoft ftrength, unlefs he 
has recourfe to fome machine. Now he is capable of producing 
an effeft cq^ual to 3j x 4 x / j the letter t being introduced, 
bftiaufe, it the labour be continued, the value of / will not 
be indefinite, but comprifed within aflignable limits. Thus 
we have 25 x 4 x / = 1000 x v x / ; and, confequently, 
V = T^^jth of a foot. This man may, therefore, with a machine 
as a lever, or axis in perl/rcehlot caufe a mafs of looolbs. 
to rife loth of a foot in the fame time that he could raife 
aclbs. 4 feet without a machine; or he may raife the 
greater weight as far as the Icfa, by employing forty times 
as much time. From what has now been faid on the extent 
of the effefts which may be attained by machines, it will be 
feen, tlwt fo long as a moving force axercifes a determinate 
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effort with a velocity likewtfe determinate, ar fo long as the 
produft of thefe is conftant,' the effefts of the machine will 
remain the fame : fo that under this point of view, fuppofing 
the preponderance of the effort of the moving power, and ab- 
ftrafting from inertia and friftion of materials, the conve- 
nience of application, &c., all machines are equally perfeft. 
But from what has been (hewn in the preceding part of this 
article, a moving force may, by diminiming its velocity, aug- 
ment its effort, and reciprocally. There is, therefore, a cer- 
tain effort of the moving force, fuch that its produft by the 
velocity, which comports to that effort, is the greateft poflt- 
ble. Now admitting of the truth of the refuUs in the pre- 
ceding propofitions V = 1 W, or F = $ and thefe two 
values obtaining together their produft, f W expreffes 
the value of the greateft effeft with refpeft to the unit of 
time ; and in praftice it will always be advifable to approach 
as nearly to thefe values as circumftances will admit, forat 
cannot be expefted that it can always be cxaftly attained. 
But a fmall variation will not be of much confequence ; for 
by a well known property of thofe quantities, which admit 
of a proper maximum or minimum, a value affumed at a mo- 
derate difiance from either of tliefe extremes, will produce 
no fenfible change in the effeft. 

If the relation of F to V follow'ed any other law than that 
which we have affumed, we (hould find from the expreifion 
of that law, values of F and V, &c. different from the pre- 
ceding, but the ge;ieral method would be ftill nearly the 
fame. 

With refpeft to praftice, the grand objeft in all cafes 
(hould be to procure an uniform motion, becaufe it is from 
that which, ceteris parihus^ the greateft effeft, always refults. 
Every irregularity in the motion wafies fome of the impellirg 
power, and it is the greateft only of the varying velocities 
which is equal to that, which it would acquire if it moved 
uniformly throughout ; for while the motion accelerates, the 
impelling power is greater than what balances the refiftance 
at that time oppofed to it, and the velocity is lefs than what 
the machine would acquire, if moving uniformly ; and when 
the machine attains its greateft velocity, it attains it becaufc 
the power is not then afting againft the whole refiftance. Iti 
both thefe cafes, therefore, the performance of the machine 
is lefs than if the power and the refiftance were exaftly ba- 
lanced, in which cafe it would move uniformly. Befides 
this, w'hen the motion of a machine, and particularly a 
very ponderous one, is irregular, there are, as we have al- 
ready remarked in the preceding part of this aiticle, conti- 
nual repetitions of .ftrains and Jolts, which foon derange, and 
ultimately dettroy the w'hole Itruftiire. 

In the preceding remarks and propofitions, relative to the 
maximum effeft of machines, we have availed ourMves of an 
interelling chapter on this fubjeft in Gregory's Mechanics, 
in w^hich the theory is purfued to a much greater length than 
our limits will admit or, both with regard to machines whofe 
motions are uniform and accelerated ; and to which we would 
refer the reader for further information. See alfo Prony '• 

Architefture Hydraulique/^ from art. 487 to 507 ; and 
the laft edition of Fergufon's Mechanics by Brewfter, in 
w hich an intcreftiog paper on this fubjeft is given by pro- 
feffor Leflie, 

Machine for taking down extenmoraneous pieces of mu- 
fie, commonly called voluntaries* ouch a contrivance has 
been long among mufical defiderata of the moft important 
kind. To fix luch floating founds as are generated in 
the ciUtic moments of enthuCafm, while «« bright-eyed 
fancy 
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Scatters from her pi(Slurcd urn, 

Thoughts tliat breathe, and notej that burn,*^ 

would be giving permanence to ideas which reflexion can 
new find, nor memory retain. , 

The firft idea of fuch a contrivance being practicable was 
fugecflcd to the Royal Society of London, in a paper writ- 
ten by the late Rev. Mr. Creed, and fent to the prefident, 
1 747, under the following title : 

« A demonftration of the poflibility of making a machine 
that fliall write extempore ^oluntnriest or other pieces of muiic, 
as faft as any mailer ihall be able to play them, upon an or- 
gan, harpHchord, &c. and that in a charaCler more natural 
and intelligible, and more cxprellive of all the varieties thofe 
inftruments are capable of exhibiting, than the character now 
in life." 

This paper was publiflied the fame year in the Philofo- 
phical Tranfadions, 1S3, ar.d, afterwards, in Martyn’s 
Abridgment, vol. x. p. 266 ; and the author’s idea always 
appeared to us fo feafiblc, that we have long wondered at its 
not having been executed by feme ingenious Engli/h me- 
chanic. 

The firfl: mention that we can find to have been made at 
Berlin, of fuch a contrivance, was in 1752, in a printed 
^‘Weekly Account of the moil remarkable Difeoveries in 
Nature and Science.** In an ample defeription of 

fuch a machine appeared in the fame weekly publication : 
and here, in an elaborate preface, the author points out the 
great want of fuch a piece of mcchanifm, its utility, and 
properties j and concludes with fayincf, that this machine, 
ib big with advantages to miific and muficiana, is the partlcu^ 
hr invention^ l&efonUcre CrfmtJunc, of M. Unger, 

The defeription preceded the execution fome time. The 
invention was here only recommended to the public, and of- 
fered to be completed, and applied to keyed inflrument, at 
a fmall expence. It was M. Hohlfcld who afterwards con- 
ilru^ed the machine, and rendered it fo perfect, that wc were 
aifured by a great performer, who tried it upon a clavichord, 
that there w»as no refinement in nmfic which it could not ex- 
prefs, except tempo rubato. 

The defeription of the Berlin machine fo much rcfembles. 
that propofed by Mr, Creed, that we fliall'not infert it here, 
but refer our readers to the Philofophical Tranfaftions, wliere 
he will find that the machine was to confift of two cylinders, 
which were to be moved by clockwork, at the rate of an inch 
in a fecond of time ; one of thefe was to furnifli paper, and 
the other was to receive it when marked by pins or pencils, 
fixed at the ends of the fcveral keys of the inflrument to 
which the machine was applied. 'I'he paper was to be pre- 
vioufly prepared with red lines, which were to fall under their 
refpeftive pencils. 

The chief difficulties in the execution, which have oc- 
curred to Englifh mechanics, with whom we have converfed 
on the fubje6l, were, the preparation of the paper for re- 
ceiving the marks made by the keys ; and the kind of inflru- 
ment which was to ferve as a pencil, and which, if hard and 
pointed, would, in the forte parts, tear the paper ; and if 
loft, would not only be liable to break when ufed with vio- 
lence, but would be worn unequally, and want frequent cut- 
tir.g. 

In the Berlin machine the pencils were approximated ac- 
cording to Mr. Creed^s idea, and made to terminate in a very 
narrow rompafs, fo that paper of an uncommon fize was 
not requifite ; but it was not found neceflary to prepare the 
paper, as propofed in the Philofophical Tranfaaions ; for 
the degree of gravity or acutenefs of each found was afeer- 
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tained by a ruler applied to the marked paper, when taken 
off the cylinder. 

About the year 1780, the late ingenious and marvellous 
mechanic Merlin, flimulated by the reports of this machine 
having been fuccefsfully conftrufted in Germany, and by 
our earned recommendation of the undertaking, went to 
work, and apparently vanquifhed all the difTicubtes of con- 
flriiftion, except the time inevitably neceffary for its com- 
pletion ; as he was never able to ftmplify the mrehanifm fo 
much as to render its appropriation within the reach of 
great compofers and voluntary players in general, to whofe 
iffe only if feems to belong ; he difpofed of his model to a 
foreign nobleman, who had it conveyed to Germany, and 
we believe never fabricated another machine cf the fame 
kind. See Merlin. 

Machine, in Dramatic Poetry^ is when the poet brings 
fome divinity or fiipernatnral being upon the ftagc ; to per- 
form fome exploit, or folve fome difficulty, out of the reach 
of human power. 

The machines of the drama are gods, angels, ghofls, &c. 
They are fo called from the machines or contrivances by 
which they are rcprcfcntcd upon the ilage, and afterwards 
removed again. 

Hence tlic* ufe of the word macliinc has alfo pafTed into the 
epic poem ; though the reafon of its name be therc want- 
ing. It denotes, in bo.h cafes, the intervention or miniflry 
of fome divinity ; but as the occafion of machines in the one 
and the otlier is I'omewhat different, the rules and laws of 
managing them are different likewife. 

The ancient dramatic poets never brought any machine 
on the ftage, but wdierc there was an abfolute neceffity for 
the prefence of a god ; and they were generally laughed at 
for fuffering themfelves to be reduced to fuch a neceffity. 
Accordingly, Ariftotle lays it down as an exprefs law, that 
the unravelling of the piece fliould arife from the fable it- 
fclf, and not from any foreign machine, as in the Medea. 
Horace is fomewhat lefs fevere, and contents himfelf with 
faying, that the gods fhould never appear, unlefs where the 
noduSi or knot, is worthy of their prefonce ; Nec dens 
interfit, nifi dignus vindice nodus — incidcrit,** But it is 
quite otherwife with the epopea ; in that tlicre muff be n.a- 
chine? every where, and in every part. Homer and Virgil 
do notliing without them. Pelronius, wdlh his ufual fire, 
maintains, that the poet fhould deal more with the gods 
than with men ; that he fhould every where leave marks of 
his prophetic raptures, and of the divine fury that pofreffes 
him ; that hiR thoughts fliould be all full of fables, that is, 
of aliegorie*s and figures : in fine, he will have a poem dif- 
tinguiflicd from a hillory in all its parts ; not fo much by 
the verfcfl, as by that poetical fury, which expreffes itfelf 
wholly by allegories ; and does nothing but by machines, 
or the miniilry of the gods. A poet, therefore, mull leave 
it to the hiltoriari to fay, that a fleet was difperfed by a 
florm, and driven to foreign fhores ; and nuiil himfelf fay, 
with Virgil, that Juno went to feek TEvdus ; and tliat this 
god, at her rcquefl, turned the winds loofe again 11 the Tro- 
jans : he muff leave the hillorian to write, that a young 
prince behaved with a great deal of prudence and diferetion 
on all occallons ; and mull fay, with Homir, that Minerva 
led him by the hand in all his enterprizes : let an hillo- 
rian fay, that Agamemnon, quarrelling with Acliiiks, hath 
a mind to fhew him, though miftakemy, that he can take 
Troy without bis affi (lance ; the poet mufl fay, that Thetis, 
piqued at the affront her fon had received, flies up to heaven, 
there to demand vengeance of Jupiter : and that this god, to 
iatisfy her, fends the god Somnus, or bleep, to Agamemnon, 
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to deceive him» and make hiin believe that he (hall take Troy 
that daf. 

It is thus that the epic poets fifed machines in all parts of 
their works ; in the Iliad, OdyfTey, and iEneid, the pro- 
poiition mentions them ; the invocation isaddrefled to them; 
and the narration is fulKof them : they are the caufes of 
anions ; they make the knots, and at lad they unravel them. 
This lad circumdance is what Aridotle forbids in the 
drama ; bat it is what Homer and Virgil have both prac> 
tifed in the epopea. Thus Minerva fights for Ulyfles 
againd Penelope’s lovers ; helps him to deltroy them ; and, 
the next day, herfelf makes the peace between Ulyffes and 
the Ithacans ; which clofes the Odyfley. The ufe of ma- 
chines in the epic poem is, on fome accounts, entirely op- 
pofite to what Horace prefcribes for the theatre. In tra- 
gedy, that critic will never have them ufed without an ab- 
Folute neceflity ; whereas, in the epopea, they fliould never 
be ufed, but where they may be as well let alone ; and 
where the a 6 Iion appears as if it did not necedarily re- 
quire them. How many gods and machines does Virgil im- 
plore to raife the dorm that drives -ffineas into Carthage ; 
which yet might eafily have happened in the ordinary courfe 
of nature. 

In Milton's Paradife Lod, mod of the a^Iors are fuper- 
natural pcrfonages ; and in Voltaire’s Henriade, the poet has 
made excellent ufe of St. Louis. 

Machines, in the epic poem, therefore, are not contri- 
vances of tlie poet, to recover himfelf after he has made a 
falfe dep, nor to folve any difficulty peculiar to fome part 
of the poem ; but it is the prefence of a divinity, and fome 
fupernatural and extraordinary aAion, which the poet inferts 
in mod of the incidents of his work, to render it more 
majedic and admirable, and to train up his readers to piety 
and virtue. This mixture fhould always be fo managed, as 
that the machines may be retrenched, without retrenching 
any thing from the a£lion. As to the manner in which the 
machines are to a 6 t ; it may be obferved, that in the old my- 
thology, there are gods both good, bad, and indifferent ; and 
that our paffions may be converted into fo many all^o- 
rical divinities ; fo that every thing, both good and bad m a 
poem, may be attributed to thefe machines, and may be 
tranfaAed by them. They do not, however, always ad 
in the fame manner ; fometimes tliey ad without ap^ritig, 
and by fimple infpirations, which have nothing in them ex- 
traordinary or miraculous ; as when wo fay, the dcvfl fug- 
gefted fuch a thought, &c. The fecond manner of ading 
18 entirely miraculous ; as when a divinity prefents itfelf vi- 
able before men, fo as to be known by them ; or when they 
difguife themfelves under fome human form without dif- 
covering themfelves. The third manner partakes of each 
of the two, and confifts in oracles, dreams, and extraordi- 
nary infpirations : all which Boffii calls demUmachines* 

All thefe manners ought to be fo managed as to carry a 
verifimilitudc : and though verifimilitude be of a vail extent 
in machines, as being founded on the divine power, yet it has 
its bounds. See farther, on the importance and ufe of ma- 
chinery, the article Epic Poem, 

Machine, in jigrlculture^ a term applied to inftruments 
of various kinds which are contrived either for the pur- 
pofe of Icffening labour or performing the different opera- 
tions and proceffes of the art with greater acciJracy and 
corrednefs, fuch as thafe of fowing, drilling, reaping, 
threfhing, winnowing, and a great many others. The term 
is moft commonly employed when the nature of the tool 
is of the more complex Kind. It may, however, be em- 
ployed with propriety in many other circumftances. See 
Threshing Maehiw * 
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Machine, jlrehiteSomeedp is an aflemblage of pieces of 
wood fo difpofed, as that, by means of ropes and pulliesi 
a fmall number of jnen may raife vail loads, and lay them 
in their places. Such are cranes, kc. 

It is hard to conceive what fort of machines the ancients 
mild have ufed to raife thofe immenfe ftones found in lome 
of the antique buildings. See Machine, ySi/rd. 

Machine, Blowing, See Bellows, and Blowing Ma^ 
chine. 

Machine, Bruifing^ a contrivance for the purpofe of 
crufhing and reducing grain, pulfe, malt, and other arti- 
cles, fome of which arc employed as team food. Machine# 
of this kind are made in London by Rowntree and others. 

Machine, Chajf-cuiling^ a tool conirivcd for the purpofe 
of cutting draw, hay, and other fimilar materials into chaff 
for the purpofe of food for team-horfes, and other animals. 
There are various deferiptiens of tliis kind of machinery 
which a£l on very different principles, and fome of them 
have lately undergone very much improvement. See Chaff- 
cutter. 

Machine, Draught, a (Imple contrivance formed for the 
purpofe of afeertaining the force or power of draught, in 
drawing ploughs, and various other implements where 
draught is required. A machine of this fort, invented by 
Mr. More, late fecrctary to the Society for the Eticourage- 
ment of Arts, &c. in London, is thus defenhed by Mr. 
Young in the firtt volume of the Annals of Agriculture. It 
is a fpring coiled within a cylindrical cafe, having a dial- 
plate, marked with numbers like that of a clock, and fo 
contrived that a hand moves with the motion of the fpring, 
and points to the numbers in proportion as the force is 
exerted: for inftance, when the draught equals i cwt. 
over a pulley, the hand points to Jig, i ; when the draught 
is equal to z cwt. it points to Jig. a ; and fo on. Till 
this very ufcful machine, was invented, Mr. Young fays, 
it was exceedingly difficult to compare the draught of dif- 
ferent ploughs, as there was no rule to judge but by the 
exertions ot the horfes as apparent to the eye ; a very in- 
decifive mode of afeertaining their force. 

Machine, DVdl, that fort of tool which is employed in 
fowing and depoiiting various kinds of grain, pulfe, and 
fmall feeds, in drills or rows. They are very differently 
formed, according to the purpofes for which they are in- 
tended, and the manner of drilling which is intended to be 
pradifed. 

They require to be conftru^cd with great corredlnefs, 
and in as iimple a manner as poffible, in order that they may 
perform their work with accuracy, both in refped to the 
drills, the quantity of feed, and the depth of depoiiting it 
in the foil. 

In the choice of this fort of machinery, the farmer ihould 
be principally directed by the nature and extent of his land, 
the iituation which it poffeifes, and tlie kinds of ciops which 
he intends to cultivate. They have lately been fo con- 
trived, as, by flight alterations in tlie fowing parts, to be 
capable of not only fowing grain as well as fmall feeds, but 
of executing the work at dinerent diilan^'es, and in a greater 
or lefs number of rows at once, as circumftances may re- 
quire. 

There are feveral machines of this nature, which perform 
the bufinefs in a very exnft and regular manner; among 
which are Cook’s, Bailey’s, Amofe’s, M'Dougal's, and 
many others j each of which fow feveral rows at the fame 
time, and fome of them are likcwufe capable of forming 
horfe-hoes. 

Befldes thefe, there are alfo drills conftru^cd for parti- 
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cuhur forts of cropsy as tliofe of peaSy beansy tumipsy &c. 
Sec Plough DrlU^ and Turnip Drilh 

A drill machincy invented by Mr. Robert Salmon of 
Woburn, Bfdfordfhire, which obtained the premium given 
by the duke of Bedford, at Woburn fheep-lhearing, a few 
years a^o, for the beft newly-invented agricultural imple- 
ment, 18 described below. This machine drills and fows at 
the fame time ; and the principal improvement in it, as in 
Cook’s drill, and others, coniiiU in condruding it in fuch a 
manner, that the workman who holds the drill nas a perfed 
command upon it, with refped to the diredion in which’it 
ihall move, even though the horfe which draws it (hould de- 
viate from the line the drill is intended to follow. In Plate 
{Machines) Agriculture^ is given a deferiptive reprefentation 
of the machine, in which^. i is a fedion of a part, fig, a 
an elevation of the fametjlfg. 4 is a perfpedive view of the 
whole, and fgt, 3 and 5 dfetached parts. 

The great wheels, A, A, fg, 4, have tlieir axle-trees at- 
tached to tlie bed B, to which are framed the long handles, 
D, D, forming a frame independent of the remainder of the 
machine, and naving no connedion with it, except in the 
middle of the bed fi, where a fhort beam, E, is jointed to 
it, 'as is well explained in fg. 1 5 the other end of this beam 
is mortifed into a crofs beam F, to wliich the three drills, 
G, G, G, are fixed ; a frame formed of two horizontal 
pieces, H, H, fgs. 2 and 4, and four vertical pieces, 
1 , 1 , 1 , 1 , is credted upon F ; the handles, D, D, oafs be- 
tween H, H, but are not fixed thereto ; the hook a, by 
which the machine is drawn, is fixed to the two middle up- 
rights, I, I, and a ftrong chain leads to the harnefs of the 
horfe employed ; K is the feed-box fupported from H, H, 
by two uprights for the pitrpofe } the oox is a frufhim of a 
pyramid, and joins at tlie bottom to a prifmatic box, con- 
taining the feed-roller fg* 1, which is exadlly the fame 
length as the box, and comes through its ends, its pivots 
being fupported by a piece of iron-plate fixed at the end of 
the box, as feen in fg, 4 ; a brufh, .//, prefTes upon the 
rpller, and is adjuftable by a ferew that it may always bear 
upon it with an equal degree of force ; a number of notches 
is cut in the circumference of the roller, and as the box K 
is full of feed, it always reds upon the roller ; when it turns 
round, it takes one or the notches full of feed, and palling 
It by that means under the end of the brufh d, delivers it 
into a tin-plate tube r, which conveys it down into the fur- 
row made by the drill ; the roller has three ferics of notches 
anfwering to the three drills G, G, G | at r, a piece of 
leather prefles againft the roller, to prevent any feed getting 
down, except that which pa Acs under the brufh d\ / is a 
Aider, which flops the feed from coming down to the roller, 
when fhoved in, and is ufed when the machine is required to 
advance without fowing, or when a leffer number of rows 
is required to be fown. The roller is turned by means of 
an endlefs chain, a pafling round a groove made in the 
middle of the roller, from thence it proceeds through a 
block of pullies at /, (hewn feparate in fg, 5, to a fmall 
wheel h ; the block, /, is made of cad-iron, and Aides freely 
up and down between the two innermofl uprights, 1, 1, of 
the frame; its weight keeps the chain always tight, and 
prevents it from (lipping without turning the roller ; the 
wheel, hf is fixed upon an axle fp on the end of which is a 
cog-wheel, turned by another cog-wheel on the nave of the 
great wheel A ; thefe wheels are enclofed in a box i, which 
Itkewife contains a contrivance for difengaging the wheels, 
(hewn 00 a larger fcale in Jig, 3, where ^ is a fe6lion of the 
axle ^ *pa(fing through a long daple fixed to the bed B I it 
can Aide up and down in this ilapte, except when confined 
a catch Of pitlTed againd it by a fpring.. In the prsfent 
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pofition, the cog-wheels are engaged to work together : but 
by pulling the cords m and A tne former draws back the 
catch 0 ; and the other, by means of the crooked lever n tip 
raifes up the axle/, and difengages tlie cog-wheels ; the re- 
turn of the catch, 0, prevents its defeent ; the cords, / and 
m, are conditfled to the end of the handles, D, D where 
they are both attached to one handle, in reach of the work- 
man who guides the machine. 

The operation of the drill is exceedingly fimple. As the 
horfe draws it along by means of the chain, the dnlls, 
G« G, G, make the furrows, and the feed-roller delivers 
the feed in fmall quantities, and at regular intervals into 
them. As the hook ap from which the chain draws, is 
placed nearly in the centre of the machine, it will eafily be 
made to follow any other line than that in which the horfe 
draws, by turning the handles, D, D, to one or other fide. 
This alters the mrcdlioii of the wheels, A, A, which im- 
mediately proceed in that line, and the drill follows them. 
This quality is of the greatell confeqiicncc in making 
ftraight w'ork. is a crofs piece fixed to the handles, 
1 ), D, and fupporting a handle M, by which, and one of 
Dp the workman holds when he guides the drill, as he is 
then in a pofition to fee the drills made laA, and adapt the 
prefent ones to them ; the wheel always going in the laft 
made drill. Another haifdle, fimilar to M, is fixed to the 
other end of L., to be ufed when the machine is on the other 
fide of the work done la A. The drills are fixed to the 
piece F by fcrewjf, and their dillance from one another can 
be altered at pleafiire. The feed-box containing the roller 
is made in two halves, connefted by hooks, fo that it can 
be taken apart, and the roller removed tor a freAi one to be 
ut in with diAerent fized notches, for fowing a diAerent 
ind of grain. 

The drawing was taken from a machine made by Mr. 
Shepherd, Woburn, and exhibited at Wobirn Aiccp-Aicaring, 
.Tune 1808. Mr. Salmon has made a great mimber of the 
fame pattern, which are now in ufe, and are found to anfwer 
well. Several of them have five drills in Acad of three, and 
are in that cafe worked by one horfe. 

In this drill, at whatever diAance the Aiares are placed to 
go from each other, the diAance from the wheels to the 
two outlide rows is alway equal thereto ; confcqucntly, when 
at work, one or the other of the wheels always runs in the 
lall made drill, thereby guaging accurately the interval be- 
tween e?ch bout the drill goes ; and as the hi Ider always 
goes in the line of the wheel, he can diAindlly fee and cor- 
rcdl the fmalloA; error that may have been made in any 
previous bout. ^ 

In all cafes, one horfe is fufficient to draw this drill either 
for three or more rows, as little depends on the horfe’s 
inclination ; and a driver can be difpenfed with, wdicre 
tra£lable horfes are ufed. As in all machines of this fort, 
in proportion to the number and diAance of rows made, fo 
will be the quantity of work performed. 

Maciiixx, Elelincal, See Elkctrical Machine, 
Machine, Fatty in Agruulturcp a common name applied 
to tliat fort of tool which is employed in removing the chaff 
from the grain. See Winnowing Machine, 

Machine, Land-Levellingp the name of an iifeful 
chine, invented by Mr. David Charles, for the purpofe of 
rendering high ridges and other irequalities, in fuch lands 
as arc in a Aate, more level and even in their furfacc8>. 
It would feem probable that no cfTeclive implement of 
this fort has hitherto been iiiiroduced. But fuch a ma-> 
chine is faid, in “ Traufadions of the Society of Art«,V to 
be ufeful and neceAary even in the moil fertile parts of the 
couatry, where the improved fyftem of driil-Lu/bandry has 
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been introducedf or eren where there is any attention ta the 
wafte of time, or to the eafc of cattle in the ad of plough, 
ing i in order to get rid of crooked or unequal ridges, with- 
out either a fummer fallow by crofs ploughing, or elfe by 
frequent repetitions of ploughing in the winter and fpring, 
which the humidity of this climate will not allow in every 
-kind of foil. “ Fourteen acres of land were reduced witn 
this tool by the inventor to a perfed level, where the crowns 
of the ridges were about two feet higher than the furrows, 
and where they were crooked and of uneaual breadths. 
-3ut the chief fuccefs has been upon a field ot eight acres, 
which lay in an unprofitable ftate, and which is a deep clay, 
that had produced a crop of wheat from an old lay fod 
the former year, without any manure, which was winter 
ploughed, and lay in that ftate until the machine was intro- 
duced the firft dry weather in April. It was preceded by 
two horfe ploughs, taking perhaps a fquare of an acre at 
once : thefe loofencd the Toil the depth of a common fur- 
row, and twice the breadth acrofs the ridges. The levelling 
machine followed, drawn by two oxen and two horfes, with 
a man at each handle, to prefs it down where the height was 
to be removed, and to lift up the body by the handles where 
it was to be dilcharged. Thus, four men, one driver, and 
eight head of cattle, will more effedtually level from half an 
acre to three roods in one day, according as the earth is 
light or heavy, than fixty or eighty men would accomplifh 
with harrows and (hovels, &c. even with the ailiftance of a 
plough. In fandy ground, where the depth of one furrow 
will bring a 4 to a level, as much, of courfe, will be done in 
one day as two ploughs can cover but in this cafe, the 
ground required to be gone over feveral times. It is further 
dated, that << after this field was levelled, the backs of the 
ridges, as they are termed, which were ftripped of their 
vegetable mould, were ploughed up, the furrows not re- 
quiring it. They were alfo harrowed, and the field copioiifly 
manured witli lime-compoft, harrowed in, and broke into 
nine feet ridges, perfedily ftraight, in order to introduce 
Duckit’s driir It was fown under furrow, broad-caft* the 
lail of it not until the 13th of May, and was cut down a 
reafonable crop the 4th of September." And the field 
now lies in proper form, well manured, with the advantage 
of a fair crop from heavy tenacious ground, without lofing 
a feafon, and in a year by no means favourable/* Thc^ 
writer is “ well aware there are many (hallow where^ 
it may be hazardous to remove tlie enriched furfiCCy and 
trull perhaps one half of the land for a crop that h«d never 
before been expofed to the atmofphere ; but where the foil 
is fufficieatly deep, or there is a good under-ftratum, with 
manure at hand to correA what is four for want of cstpofure 
and tillage, it is evident, from this experifnent, that no rifk 
is run.’* And in order •• to avoid the expence of a fallow, 
and to lay out ground in ftraight and even ridges, even 
where drill hufbandry is not praAifed, (hould be objeAs to 
every rational farmer : but where the new fyftem is intended 
to be adopted, it becomes indifpenfibly ncceifary. In 
laying down lawns, parks, &c, where furrows are an eye- 
fore, or places inaccelfible to wheel-carriages from their de. 
clivity, and from which earbh is to be removed, it will alfo 
be found equally ufeful,*’ fiefides thefe, there are many 
other cafes in which the old rounded ridges may be levelled 
down with great advantoge, either by this or fome other 
means. 

A reprefentation of this machine is given at^. 1 . in Plate 
{Machines) Agrlcvhure^ in which atji^. 2. is a part of the pole, 
to which the oxen or horfes which draw the machine are faft- 
ened, and which is attached to the machine by a jpin at ^ ; c, 
the two wheels, Ihod with iron, which run upon the axle ditc, 
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the upper framework of the machine, extending from the axle 
to the extremity of the handles, jf, /, and fecured firmlv by 
the crofs pieces, g, g, the curved iron Aiders of the n^j^rhinc, 
which may be raifcd or depreifed a little by means of the 
pins, h, h, which pafs through holes in the wood-work, and 
alfo in the iron Aiders. Thefe Aiders form one piece with 
the back iron feraper f, in the manner more fully explained 
in A* 3. if the wooden back of the machine, which (hould 
be made ftrong, to refill the w»eight of the earth when col- 
leAed therein. The iron feraper (hould be firmly iecured 
to this by ferews and iron work ; 4 4 the wooden fides of 
the machine, firmly conncAed with the back and frame 
work, in order to allill in colleAing the earth to be removed ; 
m, a ftrong crofs piece, into whicn the ribs which fupport 
the back are well mortifed. 

The interior part of the back of the machine is Aiewn 
at i, in Jig, 3; f, the iron feraper, (harp at the bottom, 
firmly ferewed to the back of the machine ; pans of 
the fide irons or Aiders, (hewing the mode in which they 
arc united with the feraper i ; m, the crofs piece already 
deferibed. 

Machines, Military^ among the AncientSt were of three 
kinds : the tirli ferviug to launch arrows, as the fcorpion ; 
or javelins, as the catapults ; or ilones, as the balifta ; or 
fiery dai'ts, as the pyrabolus : the fecond ferving to beat 
down walls, as the battering ram and terebra : and the third 
to (belter thole who approach the enemies wall, as the tor- 
toife or teftudo, the vinca, pluteus, and the towers of wood. 
Thefe machines, together with their proportions and pro« 
perties, are deferibed in the works of Vitruvius, Ammianus 
Marcellinus, and other writers. Mr. Grofe has given de- 
feriptiona and drawings of thefe in the Jisfi volume of bis 
“ Military Antiquities," chap. xii. 

Machine, Stone-Ufting^ in Agriculture^ an implement of the 
triangle kind, fimilar to that uled by wood-cutters for weigh- 
ing bark, conftruAed for the purpofe of raifing large (tones 
of fome tons weight ufed in the northern parts of Scotland, 
and many other places. It is fuppofed to fave much ex- 
pence in powder and boring as well as labour, three men 
being fufficient to work it. It is deferibed in the Agricul- 
tural Survey of Perthfhirc in this manner 

*<The three legs, ad^ id^ and cd^ which are (hewn at 
Jig» are beams of any hard woodj four inches thick, fix 
inches broad, and about fourteen feet long. Their thinr 
nell fide points inwards, which gives them more ftrength* 
Their feet form on the ground an equilateral triangle ahc% 
and their three tops at / are fixed together by an iron rod, 
which pafTes through each. The two legs a d and h d are 
fixed to one another by the windlafs and by the crofs-bar 
0 pq. There are two pullies e and /, with an iron hook 
two inches in circumference to each ; ggg may be (more 
than one, but rather) one iron chain which goes round the 
done ff, while lying in the ground at below its greatefi 
diameter, or where it begins to become narrow. This chain 
confifts of rounded links, which are about three inches long, 
and about the thickncfs of a man’s little finger. It has a 
hook at one end, that may be put into any link towards the 
other end, which will make it embrace the (lone exaAly, 
and be of the fame circumference, where the (lone touches 
the earth ; hg% hgt hg, are (hotter chains of the fame work- 
man(hip, whofe hooka are fixed into links of the furround- 
ing chain eX ggg, and fo on round the (lone,, having the 
correfpondtng link of each fixed on the hook of the Tower 
pulley at h^ T!ie whole rope mull be of the fame thickneft 
with the two great hooks, two inches In circumference, 

** All things being thus prepared, two men turn round 
the handles of the cylinder, and the waggoner alBfting them 
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by applying a lever to any fide of the (lone that Teems to be 
firmeft, they force it aloft, and hold it up at the proper 
height, until the driver put his carriage backward between 
b and r, which carriage ought to have a ftrong frame upon 
four low'^ (lout wheels ; then the ftone is let gently down 
and carried away/’ 

By^this fort of machine large ftoncs or other bodies can 
be raifed and refnoved without any great difficulty. 

Machine, Threjhin^^ a contrivance made ufe of infiead 
of the flail for thivfhing corn and other feed crops. See 
T I J K Ks 1 1 1 N G ATnfhlrie, 

Machine, Water, or Hydraulic, is either ufed to. fignify 
a fimple machine, fi rving to condudl or raife water ; as a 
fluicc, pu np, or fevcral of thefe afling together, to 
produce fo ne extraordinary effe£l ; as tlie 

M AcmvK «/* Mnr!t» See Ma U hl. Sec alfo Ywi^-engine, 
Steam and W a ’ i e n-fworis* 

Machine, JFater-raif.ng, a fort of machine contrived for 
tlie pnrj>of(r of raifing water a few feet high by the power 
of the wind, for the purpofe of draining moraffes, or of 
watering lands on a higher IcvcL and other finiilar ufes. 
A feiflion of it is given iit fig, 5, and it is deferihed by the 
author of the Philofophy of Agriculture and Gardening to 

confill of a wind.nill fail placed horizontally, like tliat of 
a fmokc-jack, furrounded by an o6lagon tower ; the diverg- 
ing rays of this tower, a h, a h, may confill of two-inch deals 
only, if on a fmall fcalc, or of brick-work if on a larger one. 
Thefe upright pillars are conne6led together by oblique 
horizontal boards at A B, by which boards placed horizon- 
tally from pillar to pillar in refpeft to their length, but at 
an angle of about 45 degrees in refpe6l to their breadth, fo 
as to form a complete o£lagon, including the horizontal 
windmill fail near the top of it; the wind, as it flrikes againft 
any of them, from whatever quarter it comes, is bent up- 
wards, and then ftrikos againft the horizontal wind-fail. 
Thefe horizontal boards, which form the Tides of the o£la- 
gon, may either be fixed in their fituations, or be made to 
turn upon an axis a little below their centres of gravity, fo 
as to clofe themfelvcs on that fide of the odagon tower mod 
dillant from the wind. It may be fuppofed that the wind 
thus reflected, would lofe coufiderably of its power before it 
flrikes on the wind-fail ; on fixing a model of fuch a ma- 
chine, however, on the arm of a long whirling lever, wi’h 
proper machinery to count the revoliitiv:>ns of the wind-fail, 
when thus included in a toe. cr, and moving horizontally ; 
and then when moved vertically, as it was whirled on the 
arm of the lever with the fame velocity, it was found on 
many trials by M'*. Edgeworth, in Ireland, and Dr. Dar- 
win, at Derby, that the wind, by being thus reverted up- 
w'ards by a fixed planed board, tUd ns't feem to lofe any of 
its power. And as the height of the tower may be made 
twice as great as the diameter of th.e fail, there is reafon to 
conclude, the dodlor thinks, that the power of the luwizontal 
wind-fail mny he confiderably greater, than if the fail war, 
placed nearly vertically oppofeu to the wind in the ufual 
manner. At the bottom of the fluft of the wind-fail is 
placed a centrifugal pump with two ar.ms at ,D, C, wliich 
coiififts firnply of an upright bored trunk, or cylinder of 
lead, with two oppofite arms with an adapted valve at tlie 
bottom to prevent the return of the water, and a valve at 
the cx<remity of each arm to prevent any ingrefs of air 
above the current of the water as it flows out ; c c c c a 
circular trougli to receive the dreams of water from C aiid 
D, to convey them where required in any particular opera- 
tion or procefij. 

And at Jig. 6 is another machine, invented by Mr. Ser- 
geant, of Wliitchavcn, calculated for railing or forcing 
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water in particular cafes, as for domeftic or other ufes. It 
is extremely fimple and cheap in its conftru6lion, the whole, 
excluilve of the pump pipes, &c, not coding more than five 
pounds. The objed ior which it was particularly contrived 
was that of railing water for the fupply of a gentleman’s 
houfe from a ftitam running at the diftance of about 140 
yards. In wliich inlention a dam was made a little diftance 
above, fo as to caufc a fall of about four feet, fhe water 
being brought by a wooden trough, into which was inferted 
a piece of two-inch leaden pipe, a part of which is feen at 
a, in the figure ; the dream of this pipe is fo direded as to 
run into the bucket b c, when the bucket is elevated ; but as 
fooH as it begins to defeend, the llream flows over it, and 
goes to fupply the wooden trough, or Well, in which the 
foot of the forcing pump, r, (lands, of three inches bore ; 
d is an iron cylinder attached to the pump rod, which palfes 
through it, which is filled with lead, and is in weight about 
240 pounds, 'This is the power wliicli works the pump, 
forci'ig the water through 240 feet of inch pipe from the 
pump up to the houfe. At ? a cord is fixed, which, wlien 
the bucket comes to within four or five inches of its loweft 
projedlion, becomes ftrctched, aiid opens a valve at the 
bottom of it, through which the water difcliargcs itfclf. 
This fort of pump may be found very beneficial in a variety 
of inttances vvIktc its application can be admitted. 

Machine, Wiml. See Anemometer, and Wind Ma- 
chine, 

MACHINERY, in the Lyric theatre, or Opera-houfe. 
In the early operas of Italy, during the 17th century, it 
feldom happened that the names of the poets, compofers, 
or fingers, were reeprded in printed copies of the words ; 
thougn that of the machinill w'as feldom omittt?d ; and much 
greater care feems to have been taken to amufe the eye than 
the car or intclledl of thofe who attended thefe fpedlacles. 

In 1675, w'c are told, in the Theatrical Annals of Venice, 
that a miifical drama, called La Divifione del Mondo, writ- 
ten by Giulio Cefarc Corradi, and fet by Legrenzi, excited 
univerfal admiration, bjr the ftupendous machinery and de- 
corations with w'hich it was exhibited. And in 1680, llie 
opera of Berenice, fet by Domenico Frcfchi, w^as performed 
at Padua in a manner fo fplendid, that fome of the decora- 
tions recorded in the printed copy of the piece feem worthy 
of notice in this article. The miifical drama confifted of 
poetry, mufic, dancing, macluncry, and decorations; and 
it would be curious to point out the encroachments which 
any one of thefe conftituent parts at different periods has 
made upon the reft. In the beginning it was certainly the 
intention of opera legiflators to favour Poetry, and make her 
millrcfs of the fealt ; and it was a long while before Mulic 
abfolutcly took the lead. Dancing only ftept into import- 
ance during the lall century ; but very early in the 17‘Ji 
century, machinery and decorations were fo important, that 
little thought or expence was betlovved on poetry, mulic, or 
dancing, provided fome means could be devifed of exciting 
atlonifhment in the fpcclators, by fplendid fceries and in- 
genious mechanical contrivances. 

In the opera .of Berenice juft mentioned, there were 
choruft's of one Iiundred virgins, one hundred foldicrs, one 
hundred Iiorlemen in iron armour, forty cornets of horfc, 
fix trumpeters on horfcback, fix drummers, fix enfigns, Tx 
faebuts, fix great flutes, fix minftrcls playing on Turkifti 
inftrunienls, lix others on odlnvc flutes, lix pages, three 
ferjeants, fix cymhalifts, twelve huntfmen, tw’elve grooms, 
fix couchmen for the triumph, fix others for the proccfKon, 
two lions led by two Turks, two elephants by two others, 
BiTcuice’s triumphal car drawn by four horfes, fix other 
cars with prifoners and fpoils drawn by twelve horfes, fix 
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coaches for the proceflion. Among the feenes and reprc- 
lentations in the firft aft, was a vaft plain, with two trium- 
phal arches ; another, with pavilions and tents ; a fouare 
prepared for the entrance of the triumph ; and a foreft for 
the chace. Aft 11 . the royal apartments of Berenice's 
temple of vengeance ; a fpacious court, with a view of the 
priibn ; and a covered way for the coaches to move in pro- 
ceflion. Aft HI. the royal drefling room, completely fur. 
niflicd ; ftables with one hundred live horfes ; portico 
adorned with tapeftry ; a delicious palace in perfpeftive. 
And befides all thefe attendants and decorations, at the end 
of the firll aft, there were reprefentations of every fpecies 
of chace : as of the wild boar, the flag, deer, and bears ; 
and at the end of the third aft, an enormous globe defeends 
from the fley, which opening divides itfelf into other globes 
that are fufpended in the air, upon one of which is the 
figure of Time, on a fccond that of Fame, on others. 
Honour, Nobility, Virtue, and Glory. Had the falaiies 
of fingers been at this time equal to the prefent, the fupport 
of fuch expenfive and puerile toys, would have inclined the 
managers to enquire, not after the befl, but the cheapeft 
vocal performers they could find ; as fplendid ballets often 
oblige them to do now ; and it is certain, that during the 
17th century, the diftinftivc charaftcriflic charm of an opera 
was not the mufic, but machinery. The French cftablilhed 
mufical dramas in their court and capital during the rage for 
mythological reprefentations, to which they have conflantly 
adhered ever fince ; and when they are obliged to allow the 
mufical compofition and finging to be infi rior to that of 
Italy, they comfort themfelves and humble their adverfarics 
by obferving, that their opera is, at Icafl, a fine thing to 
fee : “ c'efl au moins un beau fpeftacle, qu^un opera en 
France." 

Machinery, in Mechanics^ may be confidcred as the opc- 
rativeand inovingparts of machines; it is, however, very gene- 
rally, though perliaps improperly, applied to include all the 
parts of machines, fixed as well as moving, and in this view 
may be confidcred as the inflrumcius or parts by which the 
principles of mechanics are earned into execution, and ren- 
dered applicable to all the purpofes of arts and manufaftttres. 

The denomination machine is now vulgarly given to a 
great variety of fubjefts that have very little analogy by 
which they can be clawed with propriety under one name : 
we fay a travelling machine, a bathing machine, a ijopying 
machine, a threfliing machine, an eleftrical maebioe, &c. 
&c. , The only circumltancer. in which all tliefe agree, feem 
to be, that their conflruftion is more complex and artificial 
than the utcnfils, tools, or inflrumonts which offer themfelves 
to the firft thoughts of uncultivated people ; tliey ntt more 
artificial than the common cart, the bathing tub, the flaib 
or the glafs tube which firft difeovered the phenomena of 
cleftricity. In the language of ancient Athens and Rome, 
the term was applied to every tool by which hard labour of 
any kind was performed ; but in the language of modern 
Europe, it feems reftrifted either to fuch t</ols or infiruments 
a$ are employed for executing fome philofophical purpofe, 
or of which the conftruftio;^ employs the fimple mechanical 
powers in a confpicuous manner, fo that their operation 
and energy engage the attention. It is nearly fynonimous, 
in our language, with engine ; a term altogether modern, 
and in fome mcarure honourable, being bellowed only, or 
chiefly, on contrivances for executing work in which in- 
geuuity and mechanical ll<ill are manifeft. Eitlicr of thefe 
terms, machine or engine, is applied with impropriety to 
contrivances in which fome piece of work is not executing 
on materials, which are then faid to be manufaftured. A 
' trav^Umg or lathing machine is furely a vulgarifm. 
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A machine or engine is, therefore, a tool, but of eom pli- 
cated conflruftion, peculiarly fitted for expediting labour t 
or for performing it according to certain invariable -prin* 
ciples: and we mould add, that the dependence of its effi- 
cacy or mechanical principles muft be apparent, and even 
confpicuous. 

The contrivance and ereftion of fuch works conftitutc 
the profeflion of the engineer; a profeflion which ought by 
no means to be confounded with that of the mechanic, the 
artifan, or mannfafturer. It is one of the jlrtes Itherales ; 
as deferving of the title as medicine, furgery, architeftiirc, 
painting, or fculpture. Nay, whether we ctinfider the im- 
portance of it to this flourifliing nation, or the fcience that 
18 tieceflary for giving eminence to the profeflbr, it is very 
doubtful whether it Ihould not take place of the three lall 
named, and go pari p^u with furgery and medicine. 

In the language ot our praftical mechanics, the terms 
machine^ engine^ and wi//, are ufed without a proper dif- 
tinftion of the clafTes of machinery to which they fliould 
in ftriftnefs be applied. All thefe denominations are alike 
the pradlical applications of the fcience of mechanics, and 
conlifl only of diflerent combinations of the mechanical pow- 
ers. Though the combinations and modifications which the 
ingenuity of mariltind is conflantly producing are cndlefs, 
ftill it is pofliblc, by a proper claflification, to arrange them 
under their proper terms, to avoid the confiilion which at 
prefent prevails amongfl ihofe of our ingenious countrymen, 
who have laboured to improve the arts dependent on me- 
chanics, without troubling tliemfelves to fix upon the moll 
precife language in which to eiiprcfs their ideas. If we 
might prclumc to decide upon a proper definition of thefe 
words, which has not hitherto been done, we (hould advife 
that the term machine be ufed as generic, and applied to any 
mill, engine, inllrumcnt, or apparatus having moving parts. 
That macliii.ery fhould alfo be ufed as a general term, figni- 
fying the moving and operative parts of any machine or en- 
gine whatever, and its fynonimous term mechanifm be ap- 
plied to the molt delicate machinery, fuch as the parts of 
watches and mathematical inftruments, or to the moft de- 
licate parts of any other machine, as the machinery of a 
flour-mill, or fawing-mill ; the mechanifm of a clock, 
watch, orrery, &c. 

Let the term engine be rcllrifted to fuch machines as 
have fome relation to hydraulics or pneumatics, or, in ftiort, 
where their operations depend upon, or aftuate fluids ; as a 
fleam engine, a water engine, pumping engine, blowing en- 
gine, prefifure engine, and fire exlinguilhing engine. 

Mill ihould be applied to large and powerful compound 
machines, or fyflems of machines ; including their firft 
mover in the term ; as a cotton mill, which contains a vaft 
number of different machines, and alfo the water wheel, or 
fteam engine, which aftuates them all ; fo likewife, an 
iron mill, copper miP, rolling mill, grinding mill, logwood 
mill, worded mill, &c. &c. 

Corn viWU or jlour mill, is, in fome degree, an exception 
to our definition, bccanfc in the early ftages of fociety it 
was the only mill in ufe, and hence the term became par- 
ticularly attached to it ; and any machine for grinding 
or reducing to powder is called a mill, as a coffee mill, 
bark mill, colour mill, malt mill, &c. though, in ilh^tnefsi 
thefe ihould be called machines. 

In this clafllficalion, we have ftudied to infringe as little 
as poffible upon the diftinftions which have been made by 
culiom, and confirmed by the ufage of mechanics them- 
felvcs, though not invariably, for they have dividing en- 
gines, cuuing engines^ and many others which ihould be 
macliinesl 



356 

The praAfcal application of mechanics to tlic conftru6\ion 
of machinc^ry, is a fubjeft of the utnioft importance to the 
welfare of our country, depending fo materially as it docs 
vpon commerce, which is derived chiefly from our nianu* 
fa^urcs ; and thefe owe the prc-cmineiicc they have over 
other nations to the general introdudlion of machinery, 
wliich has taken place within thefe forty years, to abridge 
nianual labour in every department, and in every trifling ope- 
ration : it is to this I’oiircc we mull look for the increafe 
of property of every defeription, as the iiitrodudlion of 
every mnehine is a real creation of all the work it will per- 
form, without the addition of farther incrcAfe of human la- 
bour. An idea is very generally entertained, that machinery 
is prejudicial to the intercll of mankind, as far as it tends to 
dimimlh the value of that labour by which the lower claflbs 
of fociety can alone purchafe the means of fubli Hence : 
this idea is, however, founded on error, as applied to any 
fuppofed injury fociety in general can fuflain, though indi- 
viduals whofe labours are fuperfeded by machines, will 
fuffer inconvenience for a time, yet it is only for a time, and 
fo long as they, or others more Intel igent, (hall difeover a 
new channel for the exertion of their induHry. As ma- 
chines tend to increafe the quantities of thofe luxuries and 
nccefliirics of life which mankind are fo anxious to obtain, it 
only requires that an equitable divifion of- thefe benefits 
(hould be made to obviate every objcdlion, and really im- 
prove the condition of all clafTes ; a retrofpc6l of the laft 
forty years (hews the truth of this obfervation, for though 
fo many machines have been employed in all trades and ma- 
nufadlurea as probably to do more work than the whole po- 
ulation could do previous to that period, yet the value of 
uman labour has, notwithflandmg, increafed in the fame 
proportion as other articles have advanced in price. 

We (hall, ill this article, enter into fome general obfer*- 
vations upon the conftruftion of macliinery, and particu- 
larly point out fuch contrivances as feem applicable to 
other purpofes than thofe tor which their inventors have 
employed them ; and we (hall give, as examples of pradlical 
machinery, a defeription of the famous block machines at 
Porlfmoutli, which contain many new contrivances. We 
were unable to introduce thefe under the article Block, 
as the machines were not erefled at the time that article was 
printed. 

The grand ohjc6l of all mechanifm, or machinery’, is to 
convey and modify the motion of the firft mover of the ma- 
chine, and communicate it in a proper manner to the fubje^ 
to be operated upon : thus, the How rotative motion of a 
water-wheel is, by the machinery of cranks, levers, and 
toothed wheels, converted into a rapid reciprocating mo- 
tion for working fawing machines, and the velocity of the 
motion is increafed or diminifhed, as the occafion requires 
cither great power or great fpeed. In like manner, the re£li- 
linear motion of the pifton rod of a ileam engine is, by the 
machinery of parallel levers, working-beam, conne£ting-rod, 
crank and fly«wheel, convened into a rotative motion ; and 
this motion can again, by the machinery of wheel-work, be 
adapted, either in velocity or power, to work grinding-ftoncs, 
circular faws, threfhing-mills, and other fimilar machines 
which require great velocity ; or flatting mills, boring ma- 
chines, rafping machines for logwood, lead-pipe drawing 
machines, &c. which require great power to give them mo- 
tion, and are, therefore, performed with a lefs velocity. 
Machinery is, therefore, the organs by which motion is 
altered in its velocity, its period, and direftion, and thus 
adapted to any purpofe. All machinery will be found, 
upon minute inveftigation, to be only modifications of the 
fix mechanical powers : the greateft number will be found to 
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confifi chiefly of parts which have a motion of rotation 
round fixed hxes, and derive all their energy from levers 
virtually contained in them : thus the pullies, wheel and 
axle, are only modifications of the lever, and the ferew 
is compounded of the lever witli a variety of the inclined 
plane or wedge, fo that the number of mechanical powers 
may be reduced to two, which alTume an infinite variety of 
forms and motions. The theory and manner of calculating 
their effedts will be found under Mkcuanics. 

In contriving any machinery, the engineer (hould always 
remember that nothing contributes more to the perfcdlioii 
of a machine, erpecially if it is maffive and ponderous, than 
great uniformity of motion. Every irregularity of motion 
wades fome of the impelling power ; and it is only the 
greatcll of the varying velocity which is cqnal to that which 
tlie machine would acquire if moving uniformly throughout ; 
for while the motion accelerates, the impelling torce is 
greater than what balances the refiftance then aaually op. 
pofed to it, and the velocity is lefs than what the machine 
would acquire if moving uniformly ; and when the machine 
attains its greateft velocity, it attains it becaufe the power 
is then not acting agaiiift the whole refiftance. In both of 
thefe fituations, uierefore, the performance of the machine is 
lefs than if the power and refiftance conftantly bore the fame 
relation to each other, in which cafe it would move uni* 
formly. 

Every attention (hould, therefore, be given to this, and 
we (hould endeavour to remove all cauTe of irregularity 
through the whole machine. There are continual returns of 
drains and jolts from the inertia of the different parts adling 
in oppofitc dircAioti. Although the whole momenta may 
alw^ays balance each other, yet the general motion is liob- 
bling, and the points of fupport are drained. A great 
engine, fo conftniAed, commonly caufes the building to 
tremble ; but when uniform motion pervades the whole 
machine, the inertia of each part tends to preferve tliis 
uniformity, and all goes fmoothly. It is alfo defer ving of 
remark, that when the communications are fo contrived, that 
the uniform motion of one part produces uniform motion to 
the next, the preffures at the communicating points remain 
eonftant or invariable. Now the accomplifhing of this is 
generally within the reach of rr^cchanics, and tlie engineer 
(hould adapt his machinery to the particular cafe before 
him. 

In the machinery for modifying and adapting a rotatory 
motion, the firft which prefents itfelf is the communication 
by means of toothed wdiecls a£ling on each other. This is 
the mod general method in machinery, becaufe it tranfmits 
the motion with certainty and accuracy, and if the teeth 
are properly formed, wheels, perhaps, confume lefs force m 
fri6ion than any other method ; but this is a fubjedft un- 
derftood by few mechanics. Jn the treatifes on the con- 
ftru6lion of mills, and other works of this kind, are many 
inftruftions for the formation of the teeth of wheels, and 
almoft every noted millwright has his own noftrums j but 
they are moft of them defeaivc in principle, or at leatt they 
are only corredl in certain cafes, which have by experiment 
or theory been determined# and are extremely fallacious 
w^hen applied indifferently for all cafes, as is the millwright's 
cuftom. An inveftigation of this fiibjc£l, as applied to 
delicate mechanifm, where accuracy rather than ftrength is 
the obje£l, will be found in our article Clock and 

we propofe to give fome further applications of thofe prin- 
ciples to wheels of large dimenfions under JVorL 

In the formation of the teeth of wheels, a fmall de- 
viation from the perfed form is not, perhaps, of very 
great importance, except in cafes where a very large wheel 
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drivear a very fmatl one, a cafe the judicious engineer (hould 
always avoia : the grand point to be attended to, is to adopt 
fuch a conftru^ion as will infure all the teeth of a wheel 
being precifely equal, and to make as great a number of 
them as the ftrength will admit. This will caufe feveral teeth 
to be in adlion at once, and make the communication of the 
motion extremely fmooth and uniform. To obtain flrength 
in the cogs when they are made fine, the width or thick nefs 
of the wheel m.uft be increafed ; and this is one of the greatefl 
pradical improvements which has beeb made in machinery 
for thefe laft twenty years. Formerly the heft engineers, 
fuch as Smeaton, dire6ted the teeth of large cog-wheels to 
be four and five inches dill ant from each other, or pUchf as 
the millwrights term it. Such wheels always a£^ unequally 
Upon each other in confcquence of the point of contaft 
of the large cogs confiantly altering its polition, becoming 
alternately nearer o- farther from the centre of one or other 
of the wheels; and this, tending to increafe the af^ling ra- 
dius of on»*, whilll it diminiOics the other, caufes their 
velocity and powers to vary at every cog that paflVs by, 
and the machine w'orks by ftarts and jerks. The wheel- 
work of moilern machinery is conllrnded with fine cogs, 
feldom more than one and a half or two inches pitch, and 
as much length of cog, or breadth of the wdieel, as will 
make them fufficiently firong. We have feen fome wheels 
in a large cotton mill which bore a llrain equal to thirty 
borfes’ power, in which they wtre nine and twelve inches 
broad upon tlio face. Cog-wheels are found to work moil 
frnoothly when the teeth of the large wheel are made 
of hard wood, and the teeth < f the fmall one made of call 
iron, ihcading fnrfaces being dreffedor filed fmooth and to 
the true figure A mechanic, in co-Urivinu' any machinery, 
fhould always bear in mind, that where he introduces cog- 
wheels, they fhould be as large in iheir diameters as is con- 
fident with other circumdarccs, becanfe this allows the 
teeth to be made finer in proport on to the power they arc 
to bear, than if they were of fmaller radii ; and the teeth, 
thcref''rf , nearer the centre ; it alfo oct afi ms lefs prefTure 
or drift upon flu* centre, and ^he wear of the \^holc will be 
equable. Another circumfiaiice is worth notice, attd i%K>uld 

always be attended to, wh'^rc it wi'l no^’ interfere with more 
important confiderations ; this is, the direw,lion in which any 
force is given to, and taken from, any pit ce of wheeUwOrk ; 
fiippofe, for indance, a water- wheel turning its axis, upon 
which is fixed a cog-whcf'l to give motion to a fecond wheel, 
for the purpofe of driving any nachinery; now if ibis fc- 
cond cog-wheel is applied on that fide of the firft cog- 
wheel which is afeending, it will be oppofite to that fide of 
the whetl which is lo<ided with water, and is confequently 
defeending. In this date the gudgeons of the water-wheel 
will have to bear (in fome cafes) double the drain of the 
power of the machine ; becaufe the power, which is the 
weight of the water, is applied on one fide the centre of 
the wheel, and is taken off by turning the fecond cog- 
wheel on the other fide ; the centre, or f^ulcrnm, therefore, 
bears the whole power, and alfo the re-a£lion to that power, 
in addition to the weight of its owm parts ; in the fame man- 
ner ao the fulcrum of a deolyard or balance beam bears the 
whole of the weight fufpended from either end, and its own 
weight alfo. On the other hand, fuppofc the fecond wheel 
applied on the defeending fide of the water wheel, this 
being on the fame fide of the centre, the preffiire thereon 
will he far lefs than the power of the machine. In feme 
cafes (but not in a water-wheel), by the proper arrangement 
of the wheel work, the power may be maoe to operate to 
lift the centres, and thus in part relieve them from the 
weight of" the wheelf fo as a£luiuly tadumoiih the preffure of 
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fridlion of the pivots, when, by a contrary application, it 
would have increafed it in the fame degree. Similar ad- 
vantages will attend the precaution of adapting the pofitiona 
of different wheels upon their (hafts to the diiTcrent weights 
or drains they have to bear, fo that the gudgeons at the two 
ends of any (haft may have an equal drift or preffure upon 
them. This will cau(e them to wear equally, and to have lefs 
fri£lion, becaufe they may be made (mailer than where no 
fuch care is taken, dill having fufficient drength. It is ac« 
compliflied by confidering tne drift or preffure upon the 
centre of every wheel upon any axis, and placing the two 
gudgeons or pivots of the axis at a di fiance from each of 
the wheels, proportionate to the drift upon its centre. Thus, 
fuppofe a maft has a cog-wheel fixed upon it, and a fmall 
wheel or pinion alfo fixed upon it at fome didance from the 
wheel, the power is given to tlie axis by wheel-work ope- 
rating upon the teeth of the pinion, and tne re-a6lion to tnia 
power is given by fome machinery which the teeth of the 
large wheel aftuates. In this cafe the drift.on the centre of 
the pinion will be very confiderable, becaufe the power is 
applied near the centre of the axis ; but the wheel tranf-- 
mittinr the power at a greater radius, will, perhaps, have 
much lefs drift on its centre (the proportion depending in 
fome degree upon the diredion in which the power and re- 
adlion are applied, as dated in our lad obfervation) ; if this 
is the cafe, the gudgeon at that end of the (haft, where the 
pinion is placed, (hould be lengthened out, fo as to give the 
bearing point at a greater didance from it than the wheel, 
wliich (hould have its gudgeon placed much nearer- to it, 
becaufe lefs drain is to be borne. By thiv means the drift 
upon the tvv., ends of the (haft will be equally divided be- 
tween them : and though this proportion of the centre can- 
not be always accomphfhed without inconvenience, the en- 
gineer fliould always have it in view ; and then, where it is not* 
pra£licable, he (hould attain the fame end, by apportioning 
the ttren^th or diameter of the gudgeons to the relative 
drains they have to bear. 

An enJlefs belt or llrap is a very general method of 
tranfmitting rotatory motion : it is ufually employed in cafes 
where a very quick motion is to l)c created, and the re-a6lion 
to be overcome is nearly equable. In fuch cafes it has the 
advantage of wheel- work from i»8 fimplicity and the cafe of 
its motion. Some curious properties belong to the endlefs 
drap, viz that the pulley or rigger it works upon mud be 
larged in the middle, that is, the diameter mult be greater 
in the middle of the pulley than at the edges, becaufe the 
drap always rides on to tlte larged diameter of the pulley, 
and if this is not in the centre it will (lip off at one fide* 

It is not eafy to give any fatisfaftory explanation of this 
faft, nor of another, that if, by accident, one of the pullies 
18 ftopned while the drap is urged round by the motion of 
the other, it indantly flics off its pulley, unlefs the edge of 
the pulley (hould be much wider than the drap. This pro- 
perty is a great recommendation of it for fome purpofes, 
fuch as threlhing mills, flour^drciling machines, lathes, cot* 
ton machines, d:c. where any thing accidentally dopping the 
machines would dedroy them if driven by wheel-work, but 
the drap flips round, and very foon comes off, fo as to 
avoid all further danger. Belts of prUivAt fhch as are ufed 
for faddle girts, are fometimes ufed infiead of leather draps, 
though thefe are undoubtedly preferable. The dnp (hould 
bedreffed to an equal thicknefs and breadth thtonghout, and 
the ends very neatly joined ; that is, of the fame thicknefa 
there as at every other part. It is fometknes done by few- 
ing, but the bed method is by gluing them together, with a 
glue compounded of Inih glue, ifioglafs, ale grounds, and 
boiled liafeed oilt Tiie two ends being tapered away and 
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overlapped are united with this cement, and will be as flexible 
as any other part, but fo ftrong that it will tear to pieces 

any part rather than at the joint. A tool for eaualizing 
the thiAnefs and breadth of the flraps for belts is deferibed 
in the Tranfafiions of the Society of Arts, vol. xxviii. 
p. 192, invented by Mr Aubrey. They will by this means 
bo rcMidcred very correct, for nothing can be more iinpleafant 
in machinery than the joint and thick places in the endlefs 
11 raps jf*rking over the riggers, and cauiing a violent drift 
upon the centres every time by the increafed tenfion of the 
ilrap. 

A mechariic, in calculating any extenfive piece of ma- 
chinery which is to depend upon ftraps for the communi- 
cation of irs mtuions, particularly if they are of great 
Icrigtli to convey their motion tn a confiderable diftance, and 
have much llrain upon them, fhould always confidcr that 
fuch machinery will lofe fome of its velocity ; that the 
wheels, which are turned by llraps, will never make quite 
fo many revolutions as they ought to do from a calculation of 
their diameters. 'Thi** is generally fuppofed to arife from the 
ilrap flipping, in fome degree, upon the- I’urface of the 
wheels it piiiT'S over, but we are inclined to fufpefl that it 
arifes from another canfc which has not, been invelligaled, 
viz, the elatlicity of the (trap : for inflance, fuppofe that 
the diflance between two wheels coniiedlcd by a Ilrap is 
ton feet, and that the llrain upon the Ilrap is fuch as to 
llrctch or extend it two inches in that length on the fide 
which bears the llrain (called by mechanics the leading lide), 
on the other, or reluming fide, there will be no drain, and 
therefore the Ilrap will return to its original length. In fuch 
a cafe the wheel which is driven w'ill lofe in its motion two 
inches in every ten fe^t, becaufe the ftrap gives out that 
quantity in h ading to tin* wheel, but takes it up again in 
returning, as foon as tlie drain is removed from it. 

Small inac{nn'*s are fomctimcs turned by a catgut band, 
tlie ends of which are united bv a fmall lleel hook and eye, 
the hook being fallencil a: one end and the eyes at the other. 
'They are made with lubes, for the reception of the ends of 
the band, which are tapped with a ferew within fide, and the 
band being tapered alid ferewed into the tube holds very 
fall, but to p'-event it drawing out, a fmall quaniity of rofin 
•lliould hb applied to the end of the band which projetbs 
through the tube, and a hot wire being touched to it 
finges and hardens tfie end, that it will never draw^ (Uit of 
the tu])e. This method is coidlantly ufed in fmall lathes, 
and woi ks very neatly. The pullies for a catgut-band fliould 
always be cut with a fliarp angular groove, fur the reception 
of if.e band, and it fliould not touch the bottom of it, or it 
will be liable to flip. For the fame rcafon, the pullies are 
bed made of wood, becaufe metals foon acquire a polifh, 
which pawent the band holding firmly upon it. The wood 
Ihonld be cut with its grain acrofs the direC iion of the band, 
that every part of the circumference may be of a fimiiar 
texture. 

Endlefs chains are fometimes ufed to commiinicute mo- 
tion of wheels, and frequently cogs are formed on the wheels 
to be received into the links of \ne chains. This method is 
very pra£ticable on particular occafions, and though it has 
not advantages to put it in competition with cog-wheels 
adiiig up n each other when they can be applied, it is in 
many inilances a valuable refource to the engineer to convey 
motion to fome diitance wlien it requires to be accurate, and 
where if would injure the operation of the machine if any 
motion was loll by the flipping of bands. In making fuch 
chains the greateft care is neceffary to have all the links 
preciHy of one length, and the cogs very accurately fitted 
to theni| or a great fridion will be caafed by the cogs 
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forcing themfclves into fpaces not cxaftly fituated to receive 
them. The bod w^ay is to make the links in the manner of 
watch or clock chains, with iron plates, and holes drilled 
through them at equal didances, to receive crofs pins upon 
wliich tlie cogs are to aft. By this means the lengths may 
be iiiude far more <accuratclY than by bending the iron in the 
manner of common chain links. 

Mr. Nichnlfon flas deferibed a fpinning- wheel for children, 
at a charity-fehoo), in which a large horizontal wheel, with 
a flip of buff leather glued on its upper furface near the 
outer edge, drove twelve ipindles, at which the fame number 
of children fat. 

The fpindles had each a fmall roller, likowife faced wdth 
leather, and wtiv capable, by an eafy and iiillantaneous mo- 
tion, of being thrown in contaft with the large wheel at 
pleafure ; each child, therefore, could thrown her owm part 
of the appar.ntus into work, or caiife it to Hop as often or 
as long as (he plcafed. 

The winding bobbins for yarn at the cotton mills operate 
on the fame limple and elegant principles, which poflefles 
the advantages of drawing tlie thread with an equal velocity, 
wliatevcr may be the quantity of the bobbins, and cannot 
break it. The fame mode of communication has been adopted 
in layje work by Mr. Taylor, of Southampton, in his fa w 
mills. In this the wheels afted upon each other by the con- 
taft of the end grain of wood indead of cogs* The whole 
made very little n^nfe aiid wore very well ; it was in ufe 
nearly twenty years. There is of conlequence a contrivance 
to make the wheels bear iirrn againll each other, cither by 
wedges at the focket or by levers. This principle and 
method of tranfmitting n eclianic power certainly deferve 
attention; particularly as the cudomary mode by means of 
teeth requires much Ikili and care in the execution ; and 
after all wants frequent rep.iir. We have fecn it applied to 
a thrcfhing machine, a fmall wheel on the thrcfliing drum 
being applied in contaft with the large wdieel which gave 
motion to it, and a prefTure fufficient to make it turn the 
machine was given by loading the focket for the fpindle of 
the drum wnth a conlidcrable weight. The fame princijde 
is capable of communicating motion with great accuracy 
when no force is required, as will be feen tin a periifal of 
Mr. Truughton^s ingenious method of dividing adronomical 
indrumciits. See Gkaduation. 

The conllruftion of bearings, pivots, gudgeons, or 
centres, of fpindles, as they are iTiddl’crcntly termed, is a 
moll important point ; tliefe parts being tlie principal feats 
of that friftion w'hich is the delirudtion of all machinery. 
Pivots are always made af iron or deel, both becaufe thefe 
fubdances are better adapted for rubbing furfaces, and that 
thfir drength admits the pivot being as fmall as pofiible ; 
tlie bearing, or bed to receive the gudgeons or pivots, fliould 
be of a lofter metal, as brafs, tin, or zinc, and kept well 
fupplied wdth oil wljen at w'ork. Hardened lleel is a mod 
admirable fubllance for pivots, which have a great llrain o 
bear, and a rapid motion. The bearing or bed may alfo be 
made of the fame materia), and is the only in dance where 
two bodies, having friftion againd each other, can with 
propriety be made of the fame fubllance ; for it is found, 
that where iron or foft lleel furfaces are w’wrked with a fric- 
tion againd parts of the fame lubllancci, the friftion and 
abrafion are far greater than when a fofter material, && brafs, 
tin, hard w^ood, ivory, horn, See. is ufed. The great c:f- 
liculty of making hard Heel pivots to fpindles is the only 
rcafon they are not generally ufed ; but there are fome caff ; , 
in which nothing clfe can be employed: where tteadiiwta 
and accuracy of mation are required, and great velocity at tiie 
lame time. To obtain this accuracy, it ncceflary that tl.e 
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pivot fhould be fitted, and kept in accurate contaA with the 
interior furface of its focket or pivot-hole, and this will 
prefent a fufficient accefs of oil, to prevent any other fpindle, 
than one of hardened fteel, from .burning or heating by 
the friftioni when in rapid motion ; and the expanfion oc- 
caiioned by this heat increafes the preffiire and the fridlion, 
till the pivot becomes fixed in its focket, and will rather 
twift off than turn round in it. The fpindle for a turning 
lathe muft always be of hard Heel ; and even then, a failure 
of the fupply of oil for a moment, will caufe it to bum into 
the collar. Circular faw-fpindles are frequently burnt in 
the fame manner ; their motion being very quick. 

The heft form of a gudgeon or pivot for a fpindle, is that 
of a cylinder, with a flat flioulder, to prevent it from Shift- 
ing its pofition endways. This form will bear moft fairly 
and fteadily ; but it is neceflary that the focket, or brafs 
which contains the pivot, Should be made in two halves, and 
put together with ferews, that the halves may be ferewed 
clofcr as the focket enlarges by wearing : but as this is only 
an imperfect method, becaufe the pivot can never fit accu- 
rately after having been worn, a conical form is iifed for the 
pivots of axles requiring great I'cciiracy, as thefe may be 
always made to fill their focket s, by prefling the cone farther 
into its focket. The cone is ufed in many turning lathes, 
whilft others are made very nearly cylindrical, with a 
Shoulder ; and as the collar is of hard ftccl, they do not 
wear in any feniible degree. Their advantage over the cone 
is, that they have no drift endways upon the oppofite 
centre, as the cone has ; though this is fo Slight in an acute 
coil?, as to be of no importance in fmall machinery. In 
heavy works, fuch as the gudgeons of water-wheels, a 
conical figure would be hi,;hly improper, and has no advan- 
tage to recommend it; aa fuch gudgeons fcldom have any 
brafs ferewed down over them, their own weight/ being fuf- 
ficient to keep them down, and they always fit true as they 
wear away. The moft accurate and firnple of all pivots is 
tlj.'it which :s fimilar to a piece of work, while turning in a 
lithe ; th'’ axis having a fniall hole made in each end of it, 
and tlie fupports formed by Sharp conical points, received 
into the holer. ; and one of them nuifl be adjuftable by a 
ferew, to make it always fit the length of the Ipindk. Jt is 
ufual to make the conical points on the ends of two fcPifws, 
citlii^r of which niay then he adjuiled. 'fhe fame thing may 
be accoinplillif’d by making conical points at the end* of the 
fj.iridlc, and forming the holes tor its reception in ends of 
the two fixed ferevvs, which can at all times be ferewed up 
as the parts wear. It is the moft perfeQ of all methods, but 
Is not adaptt'd to biar any great ftrain, becaufe the.fcrews 
V ill get loofe, and all the objedions to the conical fpindle 
apply to it. 

The pivot at the lower end of a vertical ftiaft, which has 
a great weight to fu ftain, as in a heavy horfc-wliccl, is very 
))roperly made of a hemifpherical ligure, and received into a 
proper cavity. A cylindrical pivot, having a flat end, is 
frequently ufed for hu ge and heavy upright axes ; but it is 
diSIicult to keep oil lupplicd to them, as the groat weight 
prefles it out from between the adting furfaccs, and the 
gudgeon burns. To avoid this, fome mechanics make a 
cleft acrofs tlic lower face of the gudgeon, exadly in the 
manner of a ferew-head. This getting full of oil, is con- 
ftuntly fupplied to the ading furfaces. 

We have fe^m an horizontal windmill, having a vertical 
axis ICO feet high, with fails and wheels of iinmenfe weight, 
all bearing upon one pivot. This was wfith the greateft dif- 
ficulty kept in order; and it was neceflary to keep a fmall 
ftreani of cold water alw'ays running into a pan, which fur- 
rounded the gudgeon, to keep it cold. This method of 
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watering, inftead of oiling, a gudgeon is alfo ufed in paper* 
mills ; but it cannot be recommended as a good method. 

FriAion-roIlers are frequently ufed for fiipporting gud- 
geons, and, if made with great care, have the leaft iridion 
which can be conceived ; but they are liable to get out of 
order, if not made with extreme accuracy. See Mill* 
U^ork. 

A great number of machines depend upon reciprocating 
motions, fuch as pump-mills, faw-mills, &c. Where the 
firft mover has a circular motion, as a water-wheel, the re- 
ciprocating movement will be moft conveniently produced 
by means of a crank ; becaufe it commences the change of 
motion by degrees, and does not fuddenly urge the parts 
into motion in a contrary direAion ; nor fuddenly check the 
movement again, but cffeAs both changes without violence. 

It is proper, in fuch cafes, to regulate the motion of the 
firft mover by a fly-wheel, otherwife the refiftance of the 
work, at the inftant of the change of motion, is fo fmall, 
that the m^hine would accelerate in that period, and then 
be checked again; The fame may be accompliflied by 
having fcvcral of the reciproca’^ing movements and thefe aA 
alternately, that when one requires the moft power, the 
others take the leaft, fo as to equalize the refiftance to the 
firft mover, and make the motion uniform. All recipro- 
cating'machincs labour under gre; t difadvaiitages, from the 
circumftance that a great inafs of matter mull be put in 
motion, and this motion deftroyed again. Thus, in a Angle 
pump forcing water through a great height of pipes, the 
column of water is, at every ftrokc the pump makes, put in 
rapid motion, which is wliolly loft during the return of the 
pump-bucket for another ftroke, wlion frefli impetus muft be- 
given to the water: now by applying a double aAing 
pump, or two or three pumps acting at intervals, arid tlie 
water regulated by an air-vcffel, the motion will be very 
eafy, becaufe the colamn of water will be in conflant mo- 
tion throu*;h the pipes, and the momentum once given to it 
will continue as long as the machine is at work, inftead of 
requiring a repetition of it at every ftroke. 

In every machine, the adlion /of the moving power is 
transferred to the working point, through the parts of the 
machinery, which are material, inert, and heavy ; or, to dc-^ 
feribe it more accurately, before the neceflfary force can be 
excited at the working point of the machine, the various 
conneAing forces mult be exerted in the different parts of the 
machine : and in order that the working point may follow 
out the impreflion already made, all the connecting parts or 
limbs of the machine muft be moved in different diredions,. 
and with different velocities. Force is neceflary for thus 
changing the Rate of ail this matter, and frequently a very 
confiderable force. Time muft alfo elapfe before all this 
can be accornpliftied. This often confumes, and really 
waftes, a great part of the impelling power. Thus, in a 
crane worked by men walking in a wheel, it acquires motion 
by flow degrees ; becaufe, in order to give fuflicient room 
for the adion of the number of men or cattle that are necef- 
fary, a very capacious wheel muft be employed, containing 
a great quantity of inert matter. Ail of this muft be put in 
motion by a very moderate prejonderance of the men : it 
accelerates flowiy, and the load is raifed. Wlicn it has at- 
tained the required height, all this mutter, now in coufider- 
able motion, muft be flopped. This cann^^t be done in an 
inftant, with a jolt, which would be very inconvenient, and 
even hurtful : it is therefore brought to reft gradually. 
This alfo confumes time. Nay, the wheel muft get a mo- 
tion in the contrary diredion, that the load may be lowered 
into the cart or lighter ; and this can only be accompliflied 
by degrees. Then the tackle muft be lowered down again 
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for tnotlier load* wl^h alfo muft be done gradually* All 
this waftes a great deal both of time and force, and renders 
n waiking*wbeel a veiy improper form for the drli mover of 
a crane, or any machine whole ufe requires fuch frequent 
changes of motion. The fame thing obtains, although in a 
lower degree, in the ftoam-engine, where the great beam 
and pump-rods, fometimes weighing many tons, muft be 
made to acquire a very brifk motion in oppofite direftions, 
twice in every working ftroke. It operates in a greater or 
a lefs degree, in all engines which have a reciprocating mo- 
tion in any of their parts. Pump-mitts are of neceflit^ fub- 
ieded to this inconvenience. In the famous engine at 
Marly, about fifths of the whole moving power of feme 
of the water-wheels is employed in giving a reciprocating 
motion to a fet of rods and chains, which extend from the 
wheels to a ciftem about three-fourths of a mile diftant, 
where they work a let of pumps : thus the engine is, by 
fuch injiididotts conftrudion, a monument of magnificence, 
and the ftrugglc of ignorance with the unchangeable laws of 
nature. In machines, all the parts of which continue the 
dire6fion of their motion undumged, the inertia of a great 
mafs of matter does no harm ; but, on the contrary, con- 
tributes to preferve the fteadinefs of the motion, in fpite of 
fmall inequalities of power or refiftance, or unavoidable ir- 
regularities of force in the interior part. But in all recipro- 
cations, it is highly prejudicial to the performance ; and, 
therefore, conftruaions which admit fuch reciprocation 
without neceflity, are avoided by all the intelligent en- 
gineers. 

In many machines, but generally in fmall works, what 
are called hearts, camms, fnails, excentric wheels, dec. are 
a very excellent method of producing flight reciprocating 
movements to levers. From the rotatory motion of an axis, 
thev have the great advantage of admitting an^ modification 
of the motion, to aft fuddenly or gradually, in either direftion, 
at the pleafure of the maker. This is done, by wheels of a 
particular form, fattened upon an axis, -and levers applied in 
contaft with their circumferences, which receive a motion in 
proportion as the different radii of the wheels alter their 
lengths ; and if, at anv point of the motion, the lever is to 
be in a ftate of reft, tne periphery of the wheel is, during 
that period, made a circular arc, and concentric with the 
axis. From the (aeflity of producing any motion whatever 
by camms, it is an univerfal method, ana applicable to ail 
fubjefts ; but ftill has objeftions, which will induce tiie en- 
gineer to negleft it in thoie inftances, where any other move- 
ment will anfwer the fame purpofe. Thefe objeftions are 
the great friftion, and wear of tne camms, which foon unfits 
them for accurate motion : this may in fome meafure be ob- 
ariated by applying rollers in the ends of the levers, to re- 
ceive the contaft of the camm. Another objeftion is, that 
the camm is unftt for producing a double motion, becaufe a 
fpring or weig^ht muft be introAced to return the lever, and 
always keep it in contaft with the camm. Now if this 
ipring is omy ufed to return the lever, it will operate very 
well ; but if it is made fo ftrong as to effeft any operation of 
^ machine, the friftion will be great, and be a f^ous ob- 
jeftion to the ufe of camms. 

^ The prioc^les of thefe movements, and pradUcal direc- 
lipns for confurufting camms for any kind of movement, is 
fully explained in our article Diagonal which 

jmmrs it unnebeflary to enlarge upon the fubjeft in this 
place. Camms are nied on a hirM fcale ia roUing-mins, for 
working the ibears with which br^e iron bars are clipped 
into Imgths. They are alfo em^yed in the machine for 
puntbing boles through the iron plates for boilers, weaving 
moehines, ftc* and are in common ufe in the blowing ina* 
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chine ufed in iron forges ; but it is a very injudicious ap^ 
pliesrion, and a common crank would be much better. 

We once with g[reat pleafure contemplated a very com« 
plicated machine, in which were many reciprocating parts 
neceflarily operating only whilft moving in one dueftton ; in 
the other, they had merely ta return to repeat their opera- 
tions. To produce this reciprocation, the inventor applied 
a crank, which was caufed to revolve by the aftion of a pair 
of elliptical cog-wheels, each balanced on an axis paUuig 
throu^ one of its foci. In this conflruftion, the motion 
of the driven wheel and the crank it carried, was exceedingly 
variable, but by equal incresients of alternate acceleiation 
and retardation. Thus when the long radius of the firft 
wheel was operating, it met the fhorteft radius of the other, 
therefore giving it and alfo the crank a rapid motion : in 
this ftate, the crank was returning to repeat its ftroke, and 
with a quick ftroke ; but by the time it had completed half 
a revolution, the aftion was reverfed, the fliort radius of the 
firft wheel afttng upon the long radius of the fecond, which 
was therefore with its crank at the floweft point of its move- 
ment : but the decreafe of the motion, from the quickeft to 
the floweft point of its revolution, being effefted by equal 
increments, gave no (hock to the machinery. The crank 
was of courle, during the flow half of its movement, per- 
forming its work; and in the quick period, returning to 
fetch its ftroke. By this judicious arrangement, the refift- 
ance to the firft movement was very nearly equable: for 
when it had work to perform, the wheel-work gained a 
power upon the working point ; but in returning, it caufed 
It to urge the working point with fuch an increaled velocity, 
as in fome degree counterbalanced the diminifhed refiftance : 
but in this, no lofs was occafioned, bccaufe this increafed 
velocity (hortened the period of inaftion haftening the re- 
turn to a fituation for repeating its operation. 

Thefe elliptical wheels are, in the hands of an abb me- 
chanic, a very ufefiil contrivance, but they have not been 
much ufed in machinery, from the difficulties of forming 
their teeth with precifion. In the Cometahium, (fee that 
article,) they are introduced to reprefent the elliptic motions 
of comets, and we have feen two inftances of their being 
ufed in large machines, where they operated with as much 
facility as circular wheels. It is to be obferved, that a fmall 
cxcentricity of the ellipfe, confequently a flight deviation 
from the circular figure, will produce a great inequality of 
their motion, becaufe the increafe of the afting radius of 
one wheel, is attended with a correfpondent decreafe of 
the other, fo that to produce almoft any differences of mo- 
tion which can be required in praftice, the excentricity of 
the wheels will be fuch as can eafily be accomplifhed, and 
as will work with each other fmoothly and accurately. 
When heavy ftampers are to be raifed in order to drop on 
the matter to be pounded, the wipers, by which they are 
lifted, fhould be made of fuch a form that the ftamper 
may be raifed by an uniform prefTure, or with a motion al- 
moft imperceptible at firft. If this is not attended to, and the 
vriper is only a pin flicking out from the axis, the ftamper 
is forced into motion at once. This occafions a violent 
jolt to the machine, and great drains on its moving parts 
and their points of fupport : whereas, when they are gra- 
dually lifted at firft, the inequality of defuhory motion is 
never felt at the impelled point of the machine. 

We have feen piftons of pumps moved by means of a dou- 
ble rack on the pifton rod : a half wheel takes bold of one 
rack and raifes it to the required height. The moment 
t)ie half wheel has quitted that fide of the rack, it bys hold 
of the other fide and forces the pifton down again. This 
has been propofed as a great improvement, by correfting 
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the unequable motion ot the piitoni moved in the common 
way by a crank motion ; but it occalione fuch abrupt 
changes of motioni that the machine is (haken by jolts. In- 
deed, if the movements were accurately executed, the ma- 
chine would be foon (haken to pieces, if the parts did Aot 

S ive way by bending and yielding. Accordingly we have 
ways obferved that this motion loon failed, and was changed 
for one that was more fmooth : a judicious engineer will 
avoid all fuch fiidden changes of motion^ efpecimly in any 
ponderous part of a machine. 

When feveral dampers, pidons, or other reciprocal movers 
are to be raifed and depreifed, common fenfe teaches us to 
didribute their times of a61ton in an uniform manner, fo 
that the machine may always be equally loaded with work. 
When this is done, and the obfervations in the preceding 
paragraph attended to, the machine may be made to move, 
almod as fmoothly as if there were no reciprocations in it. 
Nothing (hews the ingenuity of the engineer more, than the 
artful, yet iimple and effeaual contrivances, for obviating 
thofe difEcukies that unavoidably arife from the very nature 
of the work to be performed by the machine, or in tlie 
power employed to a6tuate it. 

In the contrivance of machinery, an engineer mud not be 
tied down by too many inviolable maxims, becaufe thofe 
contrivances which are tne mod improper in fome fituations 
will be the bed of all in other ca(e8. There is great room 
for ingenuity and good judgment in the management of the 
moving power, when it is mch as cannot immediately pro- 
duce the kind of motion required for effecting the purpofe. 
Wc mentioned the converfion of the continued rotation of 
an axis into the reciprocating motion of a pidon, and the 
improvement which was thought to have been made on 
the common and obvious contrivance of a crank» by fub- 
dituting a double rack on the pillon rod, and the incon- 
venience arifing from the jolts occafioned by this change. 
We have been informed of a great forge, where the engi- 
neer, in order to avoid the (hme inconvenience arifing from 
the abrupt motion given to the great fledge hammer of feven 
hundred weight, redding with a five-fold momentum, formed 
the wipers for lifting it into fpirals, which comupunicated 
motion to the hammer with fcarcely any jolts whhte^er : 
but the refult was, that the hammer rofe no higher than it 
had been raifed in contact with the wiper, and then fell 
on the iron bloom, with very little efFe6l. The cado of its 
inefficiency was not gueifea at ; but it was removod, and 
wipers of the common form were put in place of the Iptrals. 

In this operation the rapid motion of the hammer ti abfo- 
lately neceffary ; it is not enough to lift it up, it mud be 
raifed up fo as to fly higher than the wiper lifts it, and to 
drike with great force the drong oaken fpring which is 
placed in its way. It compreffes this fpring, and is re- 
fleded by it with a confidcrable velocity, fo as to hit the 
iron as if it had fallen from a great height : had it been 
sllowed to fly to that height it would have fallen upon the 
iron with fomewhat more force (becaufc no oaken fpring 
is perfe^Wy elaftic) ; but this would have required more 
than twice the time. 

In employing a power which of neci'ffity reciprocates, to 
drive machinery which requires a continuous motion (as in 
applyinsf the fleam engine to a cotton or corn grinding miil^, 
there alfo occur great difficulties. The necelTity of reci- 
procation in the fird mover wades much power, becaufe 
the indrument which communicates fuch an enormous force 
mufl be extremely drong » and be well fupported. The im- 
pelling power is waited in imparting, and afterwards de- 
droymg a vad quantity of motion in the working beam. 
The (icilful engineer will attend to this, and do his utmod 
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to procure the neceffary flrength of this lever, without 
making it a vad load of inert matter. He will alfo remark, 
that all the drafns on it, and on its fupports, are changing 
their dire£tions in every droke. This requires particular at- 
tention to the manner of fupporting it : it we obferve the old 
fleam engines which have been long ereded, we fee that 
they have uniformly (haken the bunding to pieces. This 
has been owing to the ignorance or inattention of the engi- 
neer in this particular ; they are much more iudiciouuy 
ereded now, experience having taught the mod ignorant 
that no building can withfland their oefultory and oppofite 
jolts, and that the great movements mud be fupport^ by 
a frame work of wood or iron, independent of the build- 
ing of mafonry which contains it. The gudgeons of a 
waterwheel (hould never red on the wall of die building; 
it (hakes it, and if fet to work foon after the building 
has been ereded, it prevents the mortar from taking firm 
bond, perhaps by (battering the calcareous crydtds as they 
form. 

When the engineer is obliged to red the gudgeons in 
this way, they (nuuld be fupported by a block of oak laid a 
little hollow : this foftens all tremors, like the ^rings of 
a wheel carriage. Tiiis praftice would be very (erviceable 
in many other parts of the condrudUon. It will frequently 
conduce to die good performance of an engine, to make 
the a&ion of the redding work,^ unequable, and accommo- 
dated to the inequalities of the impelhng power. This will 
produce a more uniform motion in machines, in which the 
momentum of inertia is inconfiderable. There are fome 
beautiful fpecimens of this kind of adjudment in the me- 
chanifm of animal bodies. 

In many compound machines it is of confequence to be 
able to detach part of the movements while the others con- 
tinue in motion. Thus in cotton-i pinning machines, it is ne- 
ceflary to be able to cad off or flop any fpindie at pleafure, 
without didurbing the red ; and in a large mill containing 
many machines, it is effential that any one may be releafed 
without interruption to the fird mover. Such contrivances 
are called coupling or clutch-boxes : they are effe61ed in 
various ways, fome of which are detailed under Couplimg- 
Box. But we wi(h here to deferibe a recent improvement, 
very generally adopted in cotton and woollen mills $ the 
objeft of which is to avoid a jerk being (;ived to my machine 
when it is put in aftion, from its being fuddetdy urged from 
a date of red to a date of motion ; for if the movement is 
to be rapid, nothing can be more dedrudive to the machiiie 
than the violence of the (hock it receives from the common 
clutch-box. To avoid this, the arm which gives motion to 
the machine when the clutch of the running fpindle is en- 
gaged with it, is not fixed fad upon the fpindle, but is 
made in two halves ferewed together upon a circular part 
of the fpindle, and pinched upon it fo fad by the ferews, that 
it will have fufficient fridion to turn the macliine round in 
the ordinary courfe of its work, but (lips round upon the 
ipindle, if the refidance is greater than this fridion, which 
thus becomes the meafure of the power dealt out to the 
machine. 

Suppofe a machine of this kind at red, the clutch is turned 
by the fird mover with a confiderable velocity, and is fud* 
denly conneded with the arm above deferibed : now it re* 

S uires iome time (independent of any reiiiUnce or work of 
le mndiine) to put its parts in motion. In this time the 
arm (lips round upon the fpindlcp but the fridion ads con- 
dantly, aud with an equable force upon the machine to turn 
it round* It commeuces its motion, which gradually acce^ 
lerates, until it arrives at the fame velocity as the driving 
fpindle, lind then the flipping of the box <^es, and he 
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machine proceeds in an uniform manner : Sill the box is a 
'fery ufeful provifion in cafe of any accident happening to 
the mac hine to ftop it, by any thing getting into its move- 
ments : the box then flips round without breaking the works. 
All machinery, which is expofed to the chance of great vio- 
lence, fhouid be provided with fome equivalent contrivance, 
which permits the movement to flip when the machine is over- 
loaded and would otherwife be broken. An inflance of tliis 
will be feen in the DREnGiNG^’njg^w/r ; fee that article. The 
fame effedt may be produced by conical wheels fitting into 
each other, in the manner of a valve and its feat. One of 
them being fixed to each fpindle, will, when they are jambed 
into each other, communicate tlie motion, but permits it to 
flip if overloaded. A very ingenious application of this 
will be found, in the mortillng machine of the block machines 
at PortfmoMth (fee Machinery f«r manufablurin^ Skips* 
Blocks) y and another judicious application of it under Log- 
wood MilL 

Many other contrivances are in ufe for detaching or uniting 
motions at pleafiire. In cog-whecl?, the fupports for <hc 
gudgeons are fometimes fitted up fo as to be moveable, that 
the wheels can be feparated to fuch a diftance as to relieve 
each other’s teeth. At other times one of the wheels is fitted 
on a round part of its axis, and united with it at pleafure 
by a clutch-box. Thus the wheelr arc always in motion, but 
one of them can be detached at pleafure from its axis, on which 
it flips freely. Bevelled cog-wheels are eafily difengaged, 
by fuffering the axis of one to move a little endways, and 
then their teeth are feparated. 

Wheels turned by Itraps are readily conneded, or caft off, 
by removing the llrap, but this is not eafily done while the 
wheels are in motion ; though fome dextrous workmen are 
able to put on the flraps when the wheels arc going ; but 
it is attended with much difficulty, and great danger, if the 
motion is quick, of catching the fingers in the ftrap. We 
have known an in fiance of a man’s arm being torn away at 
the ihoulder, by careleffnefs in performing this operation. 

For dtfengaging the motion of a flrap, the contrivance 
called the live and dead pulley is very ingenious ; it confllls 
of two pullies placed clofe together upon any axis which is 
to receive a circular motion. Tiie endlofs ftrap or band, by 
cucompaffing one of thefe pullies, gives it a conftant rotatory 
motion. Now one of them being fixed fall upon the fpindle, 
and the other flipping freely round upon it, gives the means 
of turning or difcoiitinuing the motion of the fpindle at 
pleafure, by ftiifting the ftrap either upon the live or dead 
pulley, which, as they are exadlly of the fame fize, and 
clofe to each other upon thp fpindle, is eafily done. The live 
pulley IS that which is fixed to its axis, fo called from its 
cauling life or motion to the fpindle, and the machinery 
appended to it. The dead or idle pulley is that which flips 
upon Its fpindle ; therefore, when the ftrap is caufed to run 
upon u, it turns round without giving any motion to the 
fpindle. This contrivance is extremely well adapted to give 
motion to fmall machinery, from the fimplicity of its con- 
ftrudion, and the facility with which it is put in motion or 
at reft. It poflefles alfo another gr.jat advantage, v/st. it 
occafions no fiidden fhock to the machinery at firll ftarting, 
as it docs not iiittantly conimiinicatc ta it the full velocity. 
To illuftrate this, fuppofe the ftrap running upon the dead 
pulley, and the machine therefore at reft, the leading fide of 
the ftrap is in general conduced through a notch in a piece 
of board which is fitted in a groove, fo as to have liberty of 
Aiding in fuch a manner that it may condu6l the ftrap to 
work upoo either of the pullies ; but this is xJOt neceflary 
jior always attended to, for the perfon who attends the ma- 
^liiue by tlie flighteft preilure on the leading fide ftrap 
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by his hand, caufe it to fhift upon the other pulley ; but as 
this is not done inftantly, it communicates the motion to the 
live pulley by degrees j for at firft (hifting, it begins upon a 
very narrow furface of the pulley, which is, therefore, urged 
into motion, but without violence to the machine, as the ftrap 
at firft flips partially upon the furface of the live pulley, and 
this, as we have before ftated, caufes the ftrap to endeavour 
to cfcape from the pulley ; but the attendant continues to 
prefa the ftrap on the leading fide, and force it to a6l upon 
the live pulley, which having attained its full udocity, and 
the ftrap no longer flipping upon it, lias no teiulency to get 
off, uiilefs the machine is overloaded, and then it will get 
off to the dead pulley. The live and dead pulley is very 
extenlively ufed in cotton machinery, and is a very excellent 
contrivance ; the only obje(ftion to it being that the bufh iu 
the centre of the idle pulley is lialjle to vvear very loofe in 
a fliort time. It is fcarcely neceflary to add, that the driving 
wheel for the ftrap of the live and dead pulley muft be as 
broad on its edge as both tlie live and dead pulley toge- 
ther ; indeed, it is generally a long c) lindrical drum, which 
receives many ftraps for turning different machines. 

A motion is frequently required in machinery, by which 
a wheel or axis is made to revolve in one diredtion for any 
required time, and then at pleafure changed, fo as to re- 
volve in the other diredtion. Various means may be ufed 
for efledling this purpofe. The molt common is by means 
of two equal and limilar bevelled orcontrate wheels, lituated 
on the fame axis, and their teeth towards each other. A 
third bevelled wheel is applied with its axis perpendicular 
to tlie former, and its teeth engaging at pleafure with cither 
of the tw'O wdieels, which, as they turn the fame way round, 
and can be made to adt at one or other of the fides of the 
third wbeel, fo as to turn it in either dire^lion, as it is engaged 
w ith cither of the two wheels, This movement was applied 
by Mr. Smeaton to a machine he invented for drawing coals 
from coal-pits. In this the third wheel was a trundle, and 
could be, by a lever, made to work in the teeth of cither of 
the cog-wheels which were mounted upon the axis of a 
w'atcr-wheel, and thus turned the trundle either way at plea- 
fure, to draw up or let down the balkets or corves, which 
were fufpended from a dium upon the axis of the trundle, 
borne mechanics have conftrudled the contrivance in a dif- 
ferent manner, by fitting the two wheels upon a circular 
part of their fpindle, and fuffenng them to turn round freely 
Upon it. Their teeth are always engaged with the teeth of 
the third wheel, and, therefore, they are alw'avs revolving 
in oppofite dire^Iions, and either can at pleasure be con- 
nected with the axis by a Aiding clutch-box, but whicli is not 
long enough to engage both at once. The axis can, by this 
means, be made to revolve in the direction of either wheel 
at pleafure, by Aiding the clutch-box towards that wheel. 

We have feen a very ingenious application of tlie live and 
dead pulley to this purpole, for a crane in a cotton mill, to 
take up and down the ^oods, work-people. Sec. It was in- 
vented by Mr. Henry Strutt, and has been applied in his 
cotton mills at Bclper, DerbyAiirc. In this machine it was 
neceflarv to have a motion which could be turned either way 
at pleafure, to draw up or let down the bafket ; but the 
double wheel-work above deferibed was evidently improper, 
from the fudden jerk it would have given at the initant of 
changing the motion. It was effeAed in this manner : an axis 
which gave motion to the crane barrel, has two pair of live 
and dead pullies upon it, and alfo a brake wheel to ftop the 
motion, v/hich is lituated between the two pair : an endlefs 
ftrap is conduced to each pair, being turned by a long drum 
placed parallel to the axis of the pullies, and kept in conftant 
motion by the milL One of thefe endlefs ftraps is crofted 
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between the drum and its pulHes» but the other is not, 
therefore one pair of the live or dead pullies are always re- 
volving in one direftion, and the others are turning in an op- 
pofite way. Both llraps arc conducted through guides fixed 
to a Aiding rail, by which the ftraps can be Aiitted both at 
once, fideways. When this rail is in a pofition that the ftraps 
are both upon their dead pullies, the axis and brake wheel 
are at reft, and in this pofition the rail has a tendency to re- 
main, unlefs forced by hand. On moving the rail one way 
from the quiefeent point, one of the ftraps is thrown on its 
live pulley, and the fpindle turns with it, vll.ding up the 
BaAcet. By moving the rail in the other direction beyond its 
quiefeent point, this llrap is ftiifted on to its dead pulley, 
and becomes inadlive ; but the other llrap operates on its live 
pulley, to turn the fpindle in the oppolite diredion, and lets 
down the baDcct. We (hall deferibe this very ufeful and curious 
machine in its place among the cotton machinery. See MA- 
NUFACTURE of Cotton^ 

Logwood rafping engines, ferew preAes, and fome other 
machines, require a motion to work them forwards to a cer- 
tain extent, and then the diredlion is to be reverfedto draw 
them back, which requires but very little power to effect it. 
In this cafe the motion may be effeded by a pair of cog- 
wheels turning each other, and thus communicating the mo- 
tion for one diredion in wliicli it is to perform the work. A 
couple of pullies are fixed on the refpedive axes near the cog- 
wheels, and an endlefs llrap coiinedis them, but the llrap is 
fo long, that when the cog-wheels are in gear, the llrap hangs 
flack, and docs not operate : but to reverie the movement, the 
fockets for one of the gudgeons of the driving fpindle or 
axis is made to Ihift, that the diftance between the centre of 
the two wheels may be increafed, fo as to difengage the teeth 
of the wheels, and the llrap becomes tight, and turns the 
wheels back ; but on bringing the wheels together again, 
the llrap bcc( 5 me 8 flack, ancf the wheels refume, their original 
courfe. 

Screws are, of all the mechanical powers, the moft fre- 
quently ufed in machines, though not always as moving 
parts, being chiefly introduced for uniting and retaining the 
parts. They are not fo conftantly employed as ading move- 
ments, on account of their fridion, and the trouble of making 
them ; they are, neverthelefs, a very ufeful agent on many oc- 
cafions, and poflefs the advantage of accurately retailing 
any movement they make, anc^roducing an extremely flow 
motion with eafe, and, when it is required, with the moft per- 
fed accuracy. No engineer will employ ferews for a rapid 
motion, as their fridion and great wear renders them unfit 
for fuch fituations. To the endlefs ferew ading on the teeth 
of cog-wheels, this objedion does not apply fo forcibly, be- 
caufe the great number of teeth on which the ferew operates 
fucceflively, do not wear fo fall as the nut of a female ferew 
would under the fame circumftanccs, and the fridion is far 
lefs, becaufe the ferew is not enclofed all round its thread. 
The endlefs ferew or worm is ufeful on many occafionsto ob- 
tain a flow motion, which it does in a very limpie manner ; 
but, for the purpofe of obtaining a quick motion, it (hould 
never be ufed, on account of the fridion and coufequent 
wear. This is feen in the common roafting jack. 

In many fituations in which moving ferews are ufed, the 
fame effeds may be produced in the moll fimph» and convenient 
manner by Mr. Bramah’s method of producing and applying 
a more confiderable degree of power to all kinds of machinery 
lequiriiig motion and force, than by any means at prclent 
pradifed for the purpofe This method, for which, ou the 
31(1 of March 1796, he obtained a patent, conliils in the 
applicatr t) of water, or other denfe fluids, to various engines, 
io as, in lome inftances, to caufe them to ad with imtuenfe 


363 

force ; in others, to communicate the motion and powers of 
one part of a machine to fome other part of the fame ma- 
chine ; and laftly, to communicate the motion and force of one 
machine to another, though removed to a great diftance from 
each other, and where their local fituations preclude the ap- 
plication of all other methods of coTme<^lion. The principle 
of this invention is the fame with the hydroftatic paradox, but 
its various applications to ufeful purpofes is due to Mr. 
Bramah. The fimpleft form is for a prels, or machine, to raife 
an enormous weight to a fmall height : a metallic cylinder 
fufficiently ftrong, and bored perfedlly fmooth and cylin- 
drical, has a folid pifton fitted into it, which is made per- 
fedly watertight, by leather packing round its edge, or other 
means ufed in hydraulic engines. The bottom of the cylinder 
mull be made fufficiently ftrong, with the other parts of the 
furface, to refill the greatell ftrain which can ever be applied 
to it. In the bottom of the cylinder is inferted the end of a 
Ismail tube, the aperture of which communicates with the 
infide of the cylinder, and introduces water or other fluids 
into it : the other end of the pipe communicates with a fmall 
forcing pump, by which the w^ater can be injedled into the 
cylinder under its pifton : the pump has of courfe valves to 
prevent the return of the water. Now fuppofe the diameter 
of the cylinder to be twelve inches, and the diameter of the 
pifton of the fmall pump or injedlor only one quarter of an 
inch, the proportion between the two furfaces or ends of the 
faid pillons will be as i to 2304 ; and fuppofing the inter- 
mediate fpace between them to be filled with water, or other 
denfe and incomprefllble fluids, any force applied to the fmall 
piiton will operate upon the other in the above proportion, 
viz* as 1 to 2304. Suppofe the fmall pifton or inje6lor to 
be forced down when in the a6t of forcing or inje6ling with 
a weight of 20cwt. which, can eafily be done by means of a 
long lever, the pifton of the great cylinder would then be 
moved up, with a force equal to 20cwt. multiplied by 2304. 
Thus is conftruded a hydro-mechanical engine, whereby a 
weight amounting to 2304 tons can be railed by a limpie 
lever, in much lefs time through equal fpace, than could be 
done by any apparatus conftrinfted on the known principles 
of mechanics, and it may be proper to obferve, that theefledl 
of all other mechanical combinations is counteraAed by an 
accumulated complication of parts, which renders them in- 
capable of being ufefiilly extended beyond a certain degree, 
but in machines a6led upon, or conftrudled on this principle, 
every difficulty of this kind is obviated, and their power 
fubjedl to no finite reftraint. To prove this, it will be only ne- 
ceflary to remark, that the force of any machine a6ling upon 
this principle can be increafed, ad wfmiumt either by ex- 
tending the proportion between the diameter of the injedlof 
and the great cylinder, or by applying greater power to the 
lever adlnating the fmall pump. Qp this principle very won- 
derful effedls may be produced inftantaneoufly, by means of 
comprefled air. Suppofe a large cylinder, furnilhed with a 
pifton in the fame manner as before deferibed, a globular 
veflel is ufed, made of copper, iron, or other ftrong material, 
capable of refilling immenfe force, fimilar to tbofe ufed for 
air guns: it has a ftrong tube of fmall bore, in .which is a 
Hop-cock : one of the ends of this tube communicates with 
the great cylinder beneath its pifton, and the other end with 
the globe. Now fuppofe the great cylinder to be of the fame 
diameter as that before deferibed, and the fmafl tube equal 
to one quarter of an inchdiau. er, which is the fame as the 
injedling pump before-mentioned for the profs : then fup** 
pofe that air is injedled into the globe (by the common me- 
thods) till it prefl'es again ft the cock with a force equal 
to 20 cwt, which can be done ; the coufequence will be, 
that when the cock is opened, the pifton will be inftaatly 
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moved in the ereat cylinder^ with a power or force equal to 
2304 tons, and it is obvious, as in the cafe before*mentioned, 
that any other unlimited degree of force may be acquired by 
machines or engines thus conftroded* By the hydroftatic 
principle, the power and motion of any machine may be 
transfer!^ or communicated to another, let their diitance and 
local htuation be what thw may. Suppofe two fmall tubes or 
cylinders, in the infide ot each of which is a pifton made 
water and air.ti[^^t, a tube may be conv^ed under ground 
or otherwife, from the bottom of one cylinder to the other, 
to form a communication between them, notwithftanding their 
diilance be ever fo great. Let this tube be filled with water, 
or other fluid, until it touches the bottom of the two piftons ; 
then, by deprefiing the pifton of one ^linder, the pifton of 
the other will be raifed. The fame effed will be produced, 
vice verfi ; thus bells may be rung, wheels turned,, or other 
machinery put invifibly in motion oy a power being applied 
to either cylinder. 

.By them means, it is obvious, that mod commodious ma- 
chines of prodigious power, and fufceptible of the greatefl 
ftrength, may readily be formed. If the fame multiplication 
of power be attempted by toothed- wheel pinions and racks, 
it is fcarcely poffible to give ftrength enough to the teeth of 
the racks, and the machines become very cumberfome, and 
of great eapence. But Mr. Bramah's machine may he 
made abundantly ftrong in very fmall compafs. It only 
requires very accurate execution. The hydroftatic prin- 
ciple on which it depends has been well known For nearly 
two centuries, and it is a matter of furprife that it has 
never before been applied to any ufeful practical purpofe. 

The application which Mr. Bramah has made of this 
truly valuable principle is very general : it was firft applied 
for preffes inftead of large ferews, for which purpofe it is 
greatly fuperior in every rcfpe£^. PrefTes being generally 
moved by the ftrength of men alone, the faving of power 
becomes a great obje£l ; and this it accomplimes, having 
no proportion of the friftion of the ferew, and immenfely 
greater power. In a ferew-prefs, it requires nearly as 
much labour to unferew as to ferew it up, an evidence of 
the enormous fridion of a ferew, when acting igainft a great 
preiTure : but the hydroftatic-prefs only requires a cock to 
be opened to let out the water from beneath the pifton, 
wliich then defeends quickly, by its own gravity, or the 
elafticity of the fubftances under the prellure. But the 
greateft convenience of the hydroftatic principle is, that 
Its power can fo eaftly be tranfmitted to any diftance, and in 
any ‘diredlion, by means of pipes conducted along in fitua- 
tions where all other means ot conveying the motion would 
be complicated, and expenfive in the extreme. Thus, in a 
large paper-mill, an inji^ng-pump may be kept in conftant 
adtion by the water-mill, or tuam-engine, and injeft water 
into an air-veftel, from which pipes are coiidu6ted to preifes 
in all parts of the mill, and by Amply opening a cock at any 
prefs, any required prefTure will be inftantly given by the 
elafticity of the confined air operating on the enlarged fur- 
face of the pifton of any prefs. The air-veffel has, of courfe, 
a fafety -valve, to allow the efcape of the water when the 
preiTure becomes fo great as to endanger the rupture of any 
of iKc vettelsi for it is to be obferved, that the power of 
this principle is irreliftible, when the pump is worked by a 
mill, and will burft any veflets, without the leaft appearance 
4f ftrain on the moving parts of the pump. 

In hfr. Bramah's extenfive work-lhops at Pimlico, and 
another at Mill- Bank, London, the fteam-engines which 
turn the lathes, boring-machmes, planing-machines, dec. 
work a fmall injeding-pump, as above-mentioned, and 
fmall copper pipes are raid to every part of the works, and 
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by cocks admitting it into various cylinders, many power* 
ful operations are performed : it works an tmmenfe prefa 
for bending ftrong iron bars, or breaking caft-tron for the 
foundery. It moves the carriage of t& planing-engine | 
and he ^s brought the methods of packing the cylinders 
to fuch perfedlion, that they are employed to make the 
moft delicate adjuftments in tfaie parts 01 the machine* (See 
a full defeription of this in Planing and alfo Pkess, 

In another part of the mdtory, it works a 
crane for lifting the heavieft goods, by merely opening a 
cock, and lowers them down, by opening another, with the 
utmoft fafety. A very large Flood-gate is alfo raifed up by 
two cylinders. (See^ that article.) It may be ufed for 
turning the bridges of canals. (See Canal.) On the 
whole, we cannot conclude this article, without recommend- 
ing the hydroftatic principle very ftrongly to engineers, as 
a method the moft perfect of all others of communicating 
motion, which is to ad only for fhort extents, or with great 
power, as it can fo eafily be conduded through any cir- 
cuitous rout, and lofea fo little power by fridion. The 
eafe with which it is relieved from the adion, or caufed to 
operate in a contrary diredion, is not its fmalleft advantage ; 
and by means of the air-velTel the power may be accumu- 
lated while the machine is preparing for adion, and then an 
immenfe power fuddenly given. We have litUe doubt the 
hydroftatic-prefs would anfwer the heft of any method for 
exprefling oil. The prefent oil-prefs is delcribed under 
Oih-Miu, and operates by a wedge, driven by repeated 
blows of a heavy Hamper. The method is ingenious ; but 
great part of the power is expended in fridion, as is evident 
from the wedge requiring nothing to retain it, as it is driven, 
the fridion over-balancing all the re-adion of the fubftances 
preffed. 

A motion is very frequently required in machinery for 
giving to any piece of wheel- work an increafed or d^mini/lied 
velocity at pleafure. The moft complete of thefe are the Ex- 
panding Riggers (fee that article) ; but many other means 
may be employed. Thus, on two parallel fpindlcs, which arc 
to turn each other, place a number of wheels, incrcafing in 
fize by regular fteps, the fmalleft wheel of one fpindle being 
oppofite to the largeft of the other. The fame endlefs ftrap 
will fk any pair of them, and give a great variety of powers 
and velocities : the fame may be effedted by having a number 
of cog-wheeis ; and, inftead of a ftrap, ufing an intermediate 
cog-wheel, which can be applied to conned any pair of the 
wheels at pleafure. A very irgenious application of double 
cones is uled in a cotton-machine, called the doublcTpeeder. 
See Manufacture of Co//eii,alfo Mr. Braithwate's Crane. 

It is very cuftomary to add what is called a fly to ma- 
chines. This is a heavy di(k or hoop, or other mafs of 
matter^ balanced on its axis, and fo conneded with the 
machinery, as to turn briflely round with it. This may be 
done with the view of rendering the motion of the whole 
more regular, notwithftanding uno voidable inequalities of the 
accelerating forces, or of the refiftances occafioned by the 
work : it uien becomes a regulator. Suppofe the rcfiftarice 
to a machine extren.ely unequal, and the impelling 
power perfcdly conftant ; as when a bucket-wheel is em- 
ployed to work one pump $ when the pifton has ended its 
working-ftroke, and hile it is going down the barrel, the 
power of the wdieel being fcarcely oppofed, it accelerates 
the whole machine, and ♦he pifton arrives at the boUom of 
the barrel with confiderab’e velocity ; but in the riAng 
again, the wheel is oppofed by the column of water now 
prefling on the pifton : this immediately retards the wheel $ 
and when the pitton has reached the top of the barrel, all the 
abceleration is undone, 'and is to begin again* The motion of 
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fuch a machine is very hobbling ; but the furplus of acce- 
lerating force, at the beginning of a returning ftroke, will not 
make Tuch a change in the motion of the machine, if we 
conned the fly with it ; for the accelerating momentum is 
a determinate quantity : therefore, if the radius of the fly 
be great, this momentum will be attained by communicating 
a fmall angular motion to the machine. The momentum 
of the fly is as the rquarc of its radius, therefore it reflils ac- 
celeration in this proportion ; and although the overplus of 
power generates the fame momentum of rotation in the 
whole machine as before^ it makes but a fmall and imper- 
ceptible addition to its velocity. If the diamelKfr of the 
fly be doubled, the augmentation of rotation will be reduced 
to one-fourth. Thus, by giving a rapid motion to a fmall 
quantity of matter, the great acceleration during the return- 
iiroke of the pifton is prevented. This acceleration con- 
tinues, however, during the whole of the returning ftroke, 
and at the end of it the machine has acquired its greateii 
velocity. Now, ^ the working flroke begins, and the over- 
plus of power is at an end. The machine accelerates no 
more ; but if the power is jufl in equilibrium with the re- 
flflance, it keeps the velocity which it has acquired, and is 
dill more accelerated during the next returning flroke. 
But now, at the beginning of the fubfequent working-ftroke, 
there is an overplus of refiflance, and a retardation begins 
and continues during the whole rife of the pifton ; but it is 
inconflderable in comparifon of what it would have been 
without the fly ; for the fly, retaining its acquired momen- 
tum, drags forwards the reft of the machine, aiding the im- 
pelling power of the water-wheel. It does this by all the 
communications taking into each other in the oppofite direc- 
tion ; the teeth of the intervening wheels are heard to 
drop from their former contad on one fide, to a contaft on 
the other. By confidering this procefs with attention, we 
eafily perceive that in a few ilrokes the overplus of power, 
during the returning ftroke, comes to be fo adjufted to the 
efficiency, during the working ftroke, that the accelerations 
and retardations exadily deftroy each other, and every fuc- 
ceeding ftroke is made with the fame velocity, and an equal 
number of ilrokes is made in every fucceeding miaute. 
Thus the machine acquires a general uniformity with tri- 
fling periodical inequalities. It is plain, that by fafflciently 
enlarging either the diameter, or the weight of the fly, the 
irregularity of the motion may be rendered as fmaB at we 
pleafe. It is much better to enlarge the diameter: this 
preferves the fridlion more moderate, and the pivots wear 
lefs^ For thefe reafons, a fly is, in general, a confidefable 
improvement in machinery, by equalling many exertions 
that are naturally very irregular. Thus a man, working at 
a common windlafs, exerts a very irregular preffure on the 
winch. In two of his pofitions in each turn, he can exert 
a force of near feventy pounds without fatigue, but in others 
he cannot exert above twenty-five ; nor mull he be loaded 
with much above this in general. But if a large fly be ton- 
nedled properly with the windlafs, he will a6l with eqnal 
eafe and fpeed againft thirty or even forty pounds. ^ 

If any permanent change (hould happen in the impelling 
power, or in the refiftance, the fly makes no obftacle to its 
produdion in its full effed on the machine, and it will be 
obferved to accelerate or retard uniformly, till a new ge- 
neral fpeed is acquired, exadly correfpon^ng with this 
new power and refiftance. Many machines include in thdr 
conftrudion movements which are equivalent with this in- 
tentional regulation, a flour-mill for example. There is 
another kina of regulating fly, confiding of wings whirled 
brilkly round till the refiftance of the air prevents any mat 
acceleration* This is a very bad one for a working machine^ 
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for it produces its effed by really wafting a part of the 
moving power. Frequently it employs a very great and 
unknown part of it, and robs the proprietor of much work. 
It (hould never be introduced into any machine employed in 
manufadures, except in the inftanoe of letting down heavy 
weights, where a wafte or re-adion to power is the objed. 

&me rare cafes occur where a very different regulator is 
required, when a certain determined velocity is found ne- 
ceffary : in this cafe, the machine is furnifhed at its extreme 
mover with a conical pendulum, confifting of two heavy 
balls hanging by rods, which move in very nice and fteady 
joint at the top of a vertical axis. It is well known, that 
when this axis turns round, with an angular velocity fuited 
to the length of thofe pendulums, the time of a revolution 
is determined. 

Thus, if the length of each pendulum be 39^ inches, the 
axis will make a revolution in two feconds very nearlr. 
If we attempt to force it more fwiftly round, the baut 
will recede a little from the axis, but it employs as long 
time for a revolution as before ; and we cannot make it turn 
fwifter, unlefs the impelling power be increafed beyond all 
probability : in which cafe, irit pendulum will fly out from 
the centre till the rods are horizontal, after which every 
increafe of power will accelerate the machine very fenfibly, at 
it then becomes a fimple fly. Watt and Boulton have applied 
this contrivance with great ingenuity to their fleam engines 
when they are employed for driving machinery for manu- 
fadures which have a very changeable refiftance, and where 
a certain fpeed cannot be much departed from without great 
inconvenience. They have conneaed this recefs of the oaUs 
from the axis (which gives immediate indication of an in- 
creafe of power, or a diminution, or refiftance,) with a 
cock, which admits the fteam to the working cylinder. 
The balls flying out caufe the cock to clofe a little, and 
diminifh the fupply of fteam, if the impelling power di- 
minifhes the next moment, and the balls again approach the 
axis, and the rotation goes, on as before, although thera 
may have occurred a very great excefs or deficiency of 
power. The fame contrivance may be employed to raife 
or lower the feeding fluice of a water-mill employed to 
drive machinery. (See Mill.) Suppofe all refiftance re- 
moved from the working point of a machine furnifhed with 
a very large or heavy fly, immediately conneded with the 
working point ; when a fmall force is applied to the im- 
pelled point of this machine, motion will begin in the 
machine, and the fly begin to turn, continue to prefs uni- 
formly, and the machine will aqpeierate. ^ This may be con- 
tinuea till the fly has required a very rapid motion. If, at 
this moment, a reliiling body be apphed to the working 
point, it will be aded on with very great force ; for the fly 
has now accumulated, in its circuimerence, a very great mo- 
mentum. 

If a body were expofed immediately to the adion of this 
circumference it would be violently ftruck, much more will 
it be fo, if the body be expofed to the adion of the work- 
ing point, which perhaps makes one turn while the fly makes 
a hundred. It will exert a hundred tiroes more force (vm 
nearly) than at its own circumference* All the motion which 
has been accumulated in the fly, during the whole progrefs 
of its acceleration, is exerted in an inftant at the working 
point, multiplied by the momentum, which depends on tlm 
proportion of the parts of the machine* It is thus that the 
coining prefs performs its office ; nay, it is thus that the 
black/niirii forg^a bar of irqp. Swinging the great fledge 
hammer round nis head, and urging it with force the whole 
way, Uiia, accumulated motion is at once eximguiflied by 
impad on the iron. It is thus vre drive a nail $ and it ts 
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iKuSy that by accumulating a very moderate force exerted 
during four or five turns of a fly» the whole of it ia exerted 
on a punch) fet on a thick plate of iron, fuch as is cm* 
ployed for the boilers of fteam engines, and the plate is 
pierced as if it were a piece of chcefc. This accumulating 
power of a fly has occafioned many, who think themfelves 
engineers, to imagine, that a fly really adds power or mecha- 
nical force to an engine ; and, not underflandiiig on what 
its efficacy depends, they otren place the fly in a fituation 
where it only added a ufclcfs burden to the machine* If 
intended for a mere regulator, it ftiould be near the firfl; 
mover ; if it is intended to accumulate force in the working 
point, it (hould not be far feparated from it* In a certain 
ienfe, a fly may be faid to add power to a machine, bc- 
caufe by accumulating into the exertion of one moment 
the exertions of many, we can fometimes overcome an ob- 
ftaclc that we never could have balanced by the fame ma- 
chine unaided by the fly. See Flv-whekl. 

It is this accumulation of force which gives fuch an ap- 
pearance of power to fome of our firft movers. When a 
man is unfortunately catched by the teeth of a paltry coun- 
try mill) he is crumed almoft to mummy. The power of 
the ftream is conceived to be prodigious, and yet we are 
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certain, upon examination) that it amounts to tbe prefTure 
of no more than fifty or fixty pounds ; but this force has 
been adting for foi e timC) and there is a miliftone of a ton 
weight whirling twice round in a fecond. This is the force 
that crufhed the unfortunate man ; and it required it all to 
do it, for the mill ftopped. We have been informed of a 
mill in the neighbourhood of Elbingroda, *in Hanover, 
where there was a contrivance which difengaged the mill* 
ftone when any thing got entangled in the teerh of the wheels* 
On being tried with a head of cabbage, it cruihed ir, but not 
violently, and would, by no means, have broken a man's 
arm* 

It 18 hardly ncccffary to recommend fimplicity in the con- 
ftrufiion of machines. This feems now lufficicnily under- 
flood. Multiplicity of motions and communications increafe 
friflion ; augment the unavoidable lofles by bending and 
yielding in every part ; expofe all the imperfedlions of 
workmanihip ; and have a great chance of being indiftinAly 
conceded; and are therefore conflruftions without fcience. 
We lhall confider this objeft as applied to large machinery 
under Mrii. Work* 

Machint.hv /or manufacturing Cotton, See Manupao- 
TUiiK of Cotton. 



Malt Liquors 


Malt Liquors have different names as well different 
Tirtucs, properties, and ufes, both from tlie different mair- 
iicrsof preparing the malt, whence they are dillinguifhed into 
jl>ale and brown ; and from the different manners of preparing 
or brewittg the liquors themfelves, whence they arc divided 
into leer and Jlron^ and fmalU new and dd 

Malt drinks are cither pale or hrow’n, as the malt is more 
or lefs dried on the kiln ; that which is theflendercll dried, 
tinging the liquor Icall in brewing, and llierefore being 
called ^ale : whereas that higher dried, and as it were roafied, 
makes it of a higher colour. A mixture of both thefe makes 
an amber colour^ whence fcvcral of thefe liquors lake their 
name* 

Now, it is certain, the pale malt has mofl of the natural 
grain in it, and is therefore the moll nourilbing ; but for 
the fame reafon, it requires a ftronger conllitution to digefl 
it. Thofe who drink much of it, are ufnally fat and (leek 
in their bloom, but arc often cut off by fudden fevers ; 
or, if they avoid this, they fall early into a dillempered old 
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The brown malt makes a drink much lefs vifeid, and 
fitter to pafs the feveral ftrainers of the body ; but» if very 
itrong, it may lead on to the fame inconveniences with the 
pale ; though a fingle debauch wears off much more eafily 
in the brown. 

Dr. Quincy obferves, that the beft pale malt liquori are 
thofe brewed with hard waters, as thofe of fprings andwelis, 
becaufc the mineral particles, with which thclc watert are 
impregnated, help to prevent the cohefions of thofe drawn 
from the grain, and enable them to pafs the proper lecrctions 
the better ; as the vifeid particles of the grain do likewife 
defend thefe from doing the miifehief they might other- 
wife occafion. But folter waters feem beft fuited to draw 
out the fiibftances of high-dried malts, which retain many 
fiery particles in their comexturec <and are therefore beft loft 
io a fmooth vehicle. 

For tbe differences in the prepatsation of malt they 

chiefly confift in the ufc of hops, as in beer 5 or in the more 
[paring ufe of them, as in ale. 

The difference made by hops is beft difeovered from the 
nature and quality of the hops themfelves ; thefe are known 
to be a fubtle grateful bitter : in their compofition, there- 
fore, with this liquor, they add fomewhat of an alkaline 
nature, u e, particles that are fublime, aAive, and rigid* 
By which means, the ropy vifeid parts of the malt arc 
more divided and fubtilizrf ; and are, therefore, not only 
rendered more cafy of digeftion and fecretion in the body# 
but alfo, while in the liquor, they prevent it from run- 
ning into fuch cohefions as would make it ropy, vapid, and 
four. 

For want of this, in unhopped drinks, that clammy 
fweetnefs, which they retain after working, foon turni 


them acid, and unlit for ufe ; which hapjKfns fooner or 
later, in proportion to ihc llreTigth they receive from the 
malt, and the comminution they have undergone from fer- 
mentation. 

It is a common opinion, that ale is more diuretic than 
l>ecr, that is, liquor lefs hopped more than that with a 
greater quantity of hops in it ; which may hold in fome con- 
llitutiona, becaufe ale being more fmooth, foftening, and 
relaxing, where urine is to be promoted by enlarging tbe 
paffage, as in thin, dry conllicutions, this is the moil likely 
to effeft it. But where the promoting of urine is to be done 
by attenuating and breaking the juices, and rendering them 
more fluid, it is certainly beft anfwered by thofe drinks which 
are well hopped. 

As to the difputo, whether or no hops tend to breed the 
ftonc, it is too long to enter upon here. Quincy is of opi- 
nion, there is but little reafon for the affirmative fide of the 
queffion ; and, in general, makes no fcruple to fay, that, 
for one conllitution damaged by beer, there are numbers 
fpoiled by ale. This lad manifeftly fouls the glands, ftuffs 
the velTcIs with (lime and vifeidity, makes the body un- 
wieldy and corpulent, and paves the way for cachexies, 
jaundice, adhmas, and at laft incurable dropiies, I'he 
urinary paffages, alfo, which it is fuppofed to clear, wilt, 
ill time, be filled by it with Hough, and matter of as ill con- 
fequence as gravel. 

The different ftrengths of malt liquors alfo make their ef- 
fefts different. The ftronger they are, the more vifcid parts 
they carry into the blood ; and though the fpirituous parts 
make thefe imperceptible at firft ; yet when thofe are eva- 

f iorated, wiiich will be in a few hours, the other will be 
enfibly felt by pains in the head, naufeoufnefs at the 
ftomach, and laffitude or liflleffnefs to motion* This, 
thofe are the mod fenfible of, who have experienced the 
extremes of drinking thefe liquors and wines ; for a de- 
bauch of wine they fand much fooner worn off, and they are 
much more lively and briik afterwards, than after intern- 
perately ufing malt liquors, whofe vifeid remains will be long 
before they be fhaken off. 

Malt liquors, therefore, are, in general, the more whole* 
fome for being finall, i. r. of fuch a ftrength as is liable to 
carry a fmall degree of warmth into the ftomach, but not 
fo great as to prevent their being proper dilutees of the ne- 
ceffary food. Indeed, in robuft people, or thofe wlio labour 
hard, the vifeidities of the drink may be broken into a con- 
venient nourifhment ; but in perfons of another habit and 
way of living, they ferve rather to promote obttruflioos and 
ill humours. 

The age of malt liquors is the lift thing by which they 
are rendered mofe or lefs wholefome. Age feems to do 
nearly the fame thing as hops ; for thofe liquors which are 
longed kipt tire certainly ids vifeid ; age breaking the vif* 
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cid parts, and, by degreesi rendering them fmaBeri and 
fitter for fecretion. 

But this is always determined according to their ftrength ; 
in proportion to which, they will fooner or later come to 
their hill perfeAion, as well as decay ; for, when ale or beer 
is kept till its particle'i are broken and comminuted as far as 
they are capable, then it is that they are beft ; and, beyond 
this, they will be continually on the decay, till the hner 
fptrits are entirely efcaped, and the remainder becomes vapid 
and four. 

Malt Dtftillery. This is an extenfive article of trade, 
aad by which very large fortunes are made. The art is to 
convert fermented malt liquors iiiro a clear ii.naiumable fpirit, 
which may be either fold for ufe in ilie common itate of a 
proof ilrcngth, that is, the fame ilrcngth with French 
brandy ; or is rectified into that purer fpirit ufually fold 
under the name of fpirit of wine ; or made into compound 
cordial waters, by being diiUlled again from herbs and other 
ingredients. See Brewing, SpiKiTi;, and Wa5>h. 

To brew with malt in the moft advantageous manner, it 
is uccefl'ary, i . That the fubjcdl be well prepared ; 2. That 
the water be fuitable and duly applied 5 and, That fame 
certain additions be uied, or alterations made, according to 
the feafon of the year, and the intention of the operator ; 
and by a proper regulation in thefe refpe^ls, all the ferment- 
able parts of the fubjedl will thus be brought into the cindlure, 
and become lit for fermentation. 

The due preparation of the fubie^t confifts in its being 
juftly malted and well ground.' When the grain is not fut- 
iiciently malted it is apt to prove hard, fo that the water 
can have but very little power to diffolve its fubftance ; and 
if it be much malted, a part of the fermentable matter is loll 
in that operation. The harder and more flinty the malt is^ 
the finer it ought to be ground ; and in all cafes, when in- 
tended for diflillation, it is advifable to reduce it to a kind 
of liner or coarfer meal. When the malt is thus ground, it 
is found, by experience, that great part of the time, trou- 
ble, and cxpence of the brewing is faved by it, and yet 
as large a quantity of fpirits win be produced ; for thus 
the whole fub fiance of the malt may I'emain mixed among 
the tindlure and be fermented and dillilled among it. This 
is a particular that very well deferves the attention of 
the malt dtfliller, as the trade is at prefent carried on ; 
for the difpatch of the buiinefa, and tlie quantity of fpirit 
procured, are more attended to than the purity or peVfedion 
of it. 

The fecret of this matter depends upon the thoroughly 
mixing, or brifkly agitating and throwing the meal al>out, 
firfl in cold, and then in not water ; and repeating this 
agitation after the fermentation is over, when the thick 
turbid waih being immediately committed to the Hill, 
already hot and dewy with working, there is no danger of 
burning, unlefs by accident, even without the farther trouble 
of Itirring, whicn in this cafe it found needlefs, though the 
quantity be ever fo large, provided that requifite cure and 
cleanlinefs be ufed ; and thus the bufinefs of brewing and 
fermenting may very commodioufly be performed together, 
and reduced to one Angle operation. Whatever water is 
made choice of, it muH Hand in a hot Hate upon the pre- 
ared malt, efpecially if a clear tindure be defired, but a 
nown and Very confiderable inconvenience attends its being 
applied too hot, or too near to a Hate of boiling, or even 
fcalding with regard to the hand. To fave time in this cafe, 
and to prevent the malt running into lumps and clods, the 
beft way is to pat a certain meaiured quantity of cold water 
to the malt firft } the malt it then to be ftirred very well 
wi Ji this, fo as to form a fort of thin uniform pafte or 
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pudding ; after which the remaining quantity of water re- 
quired may be added in a ftate of boiling, without the leall 
Ganger of making what, in the diHillers language, is called 
a pudding. 

In this manner the due and neceflary degree of heat fn 
the water, for the extra^ling all the virtues of the malt, 
may be hit upon very expeditioufly, and with a jgreat deal 
of exa^lnefs, as the lieat of boiling water is a fixed 
Handard which may be let down to any degree by a pro- 
portionate mixture of cold water, due allowances being 
made for the feafon of the year, and for the temperature of 
the air. 

This little obvious improvements added to the method juft 
above hinted for the redticing brewing and fermentation to 
one operation, will render it praflicable to very confiderable 
advantage, and the fpint improved in quality as well as 
quantity. 

A much more profitable method than that ufually pree* 
tifed for the fermenting malt for dilliliation, in order to get 
its fpirit, is the following : Take ten pounds of malt re- 
duced to a fine meal, and three pounds of common wheat- 
meal : add to thefe two gallons of cold water, and Hir them 
well together, then add five gallons of water boiling hot, 
and Hir all together again. Let the whole Hand two bourse 
and then Hir it again, and when grown cold, add lo it two 
ounces of folid yeail, and fet it by loofeiy covered in a 
warmifh place, to ferment. 

This is the Dutch method of preparing what they call 
the wufii for malt fpirit, whereby they fave much trouble, 
and procure a large quantity of fpirit ; thus commodioufly 
reducing the two bulincflcs of brewing and fermenting to 
one f ingle operation. In England the method is to draw 
and mafh for fpirit as they ordinarily do for beer, only in- 
Head of boiling the wort, they pump it into large coolers, 
and afterwards run it into their fermenting backs, to be there 
fermented witli ycall. Thus they beftow twice as much 
labour as neceflary, and lofe a large quantity of tlicir fpirrt 
by leaving the grofs bottoms out of the Hill for fear of 
burning. 

All limple fpirits may be confidered in their different 
Hates of low wines, proof fpirit, and alcohol, the interme- 
diate degrees of Hrength b^ing of lefs general ufe ; and 
they are to be judged of only according as they approach to, 
or recede from, thefe. l^ow wines, at a medium, contain a 
lixth part of pure inflammable fpirit, five times as nuicli 
water as fpirit nccefl’arily ariiing in the operation wiih a 
boiling heat. Proof goods contain about onc-half of the 
fame totally inflammable fpirit ; and alcohol entirely conliits 
of it. Sec Spirits. 

Malt low wines, prepared in the common way, arc ex- 
ceedingly naufeous ; they have, however, a natural vino- 
fity, or pungent agreeable acidity, which would render the 
fpirit agreeable to the palate, were it not for the large quan- 
tity of the grofs oil ot the malt that abounds in it. Wheu 
this oil is detained in fome meafure from mixing itfelf among 
the low wines, by the Hretching a coarfe flannel over the 
neck of the HiU, or at the orifice of the worm, the fpirit be- 
comes much purer in all refpe^ls ; it is lefs fulfome to the 
taHe, lefs offenfive to the fmell, and lefs milky to the eye.* 
(^Shaw’s Eflay on DiHilleryO When thefe low wines, in 

reftification into proof fpirits, are diHilled gently, they 
leave a confiderable quantity of this grofs fetid oil behind 
them in the Hill along with tne phlegm ; but if the fire be* 
made fierce, this oil is again raifed and brought over with* 
tlie fpirit ; and being now broken fomewhat more fine, it 
impregnates it in a more naufeous manner than at firH. 
This H the common fault both of tlie malt dlHiHer and 
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•F ttie reftifier ; the latteri inftead of feparating the fpirit 
from this nafty oili which is the principal intent of his pro* 
cefSf attends only to the leaving the phlegm in fuch quan* 
tity behindy that the fpirit may be of the due ftrength as 
proof or marketable goodsy and brings over the ou in a 
worfe ftate than before. To this inattention to the proper 
bufinefs of the procefs, it is owin^ that the fpirity after its 
feveral reAificationSy as they are mifcalledy is often found 
more (linking than when delivcFcd out of the hands of the 
malt diftiller. All this may be prevented by the taking 
more time in the fubfequent dillillationsy and keeping the 
fire low and regular, the fudden ftirring of the fire, and the 
hafty way of throwing on the frefh fuel, being the general 
occafions of throwing up the oil by fpurts, where the lire in 

S neral, during the procefs, has not l^en fo large as to do 
St mifchief. 

The ufe of a balneum Marias, in dead of the common 
(till, would efFe£lually prevent all this mifchief, and give a 
purer fpirit in one redificationy than can otherwife be pro- 
cured in ten, or indeed according to the common methods 
at all. 

Malt low wine, when brought to the (landard, or proof 
fpirit, lofes its milky colour, and is perfefily clear and bright, 
no more oil being contained in it than is perfe6lly dilTolvcd 
bv the alcohol, and rendered mifcible with that proportion 
of phlegm, which is about one-half the liquor ; its tafte atfo 
is cleaner though not more pleufant ; there being lefs of 
the thick oil to hang on the tongue in its own form, which 
is not the cafe in the low wines, where the oil, being undif- 
folved, adheres to the mouth in its own form, and docs not 
pafs lightly over it. 

When proof fpirit of malt is diftilled over again, in order 
to be redified into alcohol, or,' as we ufually call it, fpirits 
of wine, if the fire be raifed at the time when the faints 
begin to come off, a very confidcrablc quantity of oil will be 
raifed by it, and will run in the vifible form of oil from the 
nofe of the worm. This is not peculiar to malt fpirit, but 
the French brandy (hews the fame phenomendn, and that in 
fo great a degree, that half an ounce of this oil may be ob- 
tained from a (ingle piece of brandy. 

Malt fpirit, more than any other kind, requires to be 
brought into the form of alcohol, before it can be ufed in- 
ternally, efpecially as it is now commonly made up in the 
proof ftate, with as much of this naufeoiisand vifcouipil as 
will give it a good crown of bubbles. For this realpn it 
ought to be reduced to an alcohol, or totally inflammable 
fpirit, before it is admitted into any of the medicinal com- 
pofitions. If it be ufed without this previous caution, the 
odious tafte of the malt oil will be diftinguifhed among 
all the other flavours of the ingredients. 

Malt fpirit, when it has once been reduced to the true 
form of an alcohol, is afterwards more fit for all the cu* 
nous internal ufes than even French brandy, it being after 
this purification a more uniform, hungry, tafttlefs and im- 
pregnable fpirit, than any other fpirits which we efteem fo 
much finer. 

A pure fpirit being thus procured,* (hould be kept care- 
fully in velTels of glafe or (lone, well (lopped to prevent the 
evaporation of any of its volatile part. If preferved in 
cafles, it IS apt to impregnate itfclf very ftrongly with the 
wood. The quantity of pure alcohol obtainable from a 
certain quantity of malt, differs according to the goodnefs 
of the rubje6t, the manner of the operation, the ieafon of 
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the year, and the flcilfulnefs of the workman ; according to 
which variations, a quarter of malt will afford from ^ht 
or nine, to thirteen or fourteen gallons of alcohol. This 
Aould encourage the malt diftiller to be careful and diligent 

in his bufinefs, as fo very large a part of his profit depends 
wholly on the well conducing his proceffes. 

After every operation in this bufinefs, there remains a 
quantity of faints, which in their own coarfe ftate ought 
never to be admitted into the true fpirit ; thefe are to be 
faved together, and large quantities of them at once wrought 
into alccmol. It is ca^ to reduce thefe to fuch a ftate, tW 
they will ferve for lamp fpirits. Their difagrecablc flavour 
being corrected by the adding of aromatics during the dif- 
tillations, the reducing them to a perfedl and pure alcohol 
is pradicable, but not without fuch difficulties, as render it 
fcarcely worth the trader’s while. One way of doing it is by 
diftilling them from water into water, and that with a very 
flow fire. By this means a pure alcohol may be .made out 
of the fouled faints. 

The malt diftiller always gives his fpirit a finglc redifica- 
tion ^ Jhi in order to purify it a little, and make it up 
proof, but in this ftate it is not reckoned fit for internal 
ufes, but ferves to be diftilled into geneva and other ordinary 
co^ound ftrong waters for the vulgar. 

Dutch, who carry on a great trade with malt fpirit, 
never give it any farther reftification than this, and it is on 
this account that the malt fpirit of England is in general 
fo much more in efteem. The Dutch method is only to 
diftil the wafh into low wines, and then to full proof fpirit | 
they then diredly make it into geneva, or elfe fend it as it 
is to Germany, Guinea, and the Eaft Indies, for the Dutch 
have little notion of our rectification. Their fpirit is by 
this means rendered verv foul and coarfe, and is rendered 
yet more naufeous by the immoderate ufe they make of rye 
meal. Malt fpirit, in its unreClified (late, is ufually found 
to have the common bubble proof, as the malt diftiller 
knows that it will not be marketable without it. 

The whole matter requifitc to ibis is, that it have a con- 
fiderable portion of the grofs oil of the malt well broke and 
mixed along with it ; this gives the redlifier a great deal 
of trouble if he will have the fpirit fine ; but in the ge- 
neral run of the bufinefs, the redifier does not take out 
this oil, but breaks it finer, and mixes it fader in by alka- 
line falls, and difguifes its tafte by the addition of certain 
flavouring ingredients. The fpirit lofes in thefe pro- 
cefles the vinofity it had when it came out of the hands 
of the malt diftiller, and is, in all refpeds, worfe, except 
in the difguife of a mixed flavour. Shaw’s Effay on Dif- 
tillery. 

The alkaline falls ufed by the reftifier, deftroying the na- 
tural vinoiity ot the^ fpirit, it is neceifary to add an extra- 
neous acid in order to give it a new one. The acid they 
generally ufe is the fj^ntus niiri dutch ; and the common 
way of ufing it is the mixing it to the tafte with tlie 
rectified fpint : this gives our malt fpirit, when well rec- 
tified, a flavour fomewhat like that of French brandy, 
but this foon flies off ; and the better method is to add 
a proper quantity of Glauber’s ftrong fpirit of nitre to 
the fpirit in the dill. The liquor in this cafe comet 
over impregnated wich it, and the acid being more inti- 
mately mixed, the flavour is retained. See Spiritus nitri 
dulcit* 
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MANCHESTER! a market town in the hundred of 
Salford and county of Lancafter, England, is feated on 
the banks of the fmall rivers Irk, Medlock, and Irwell, at 
the diftance of 185 miles from London and 32 from Liver- 
pool. In point of commercial and political importance, 
though not a corporation, it is undoubtedly the fecond town 
in the kingdom. The whole population, according to the 
parliamentary cenfus of 1800, amounted to 84,053- per fons, 
of whom 44,500 were engaged in different branches of 
tirade : 44,900 were females, and 39,1 10 were males. The 
amazing increafe of population in this town is (hewn by re- 
turns obtained in the years 1773 and 181 1. In the former year 
there were 39,951 perfons ; and in the latter 98,573. The 
parilh of Mancheftcr comprehends feveral of the contiguous 
townfhips, the whole population of which is 136,370. 

Manchefter appears, from the teftimony of Mr. Whitaker, 
to be a town of great antiquity. A Itation occupied by 
the ancient Britons is fuppofed to have been fettled here 500' 
years before the Chriftian era. It did not, however, deferve 
the name of a town till after the invafion of this ifland by 
the Romans, when it became one of the fortified retreats of 
the brave but undifciplined natives. At this period it w^s 

called Mancenion, that is, the place of tspts;^* but Agri- 
cola, who conquered it A.D. 79, changed its name to Mancu- 
nium. It was afterwards called Manduefuedum, and Man- 
caftre, from which latter term its prefent appellation is evi- 
dently derived. The Romans, upon achieving the conqueil 
of this Ration, built an extenfive cattle upon the fpot now 
denominated Cattle-field, fituated near the conflux of the 
Mcdlock with the Irwell ; but every veftige of this is re- 
moved to make room for modern buildings. After having re- 
tained it in continued pofTeflioii for fomewhat more than 400 
years, the declining fortunes of Rome compelled the legionary 
i’oldiers to abandon it to the original pofTclTors, who in their 
turn foon yielded it to their nev/ conquerors and tyrants the 
Saxons. During the dynafties of that ferocious people, 
Manchetter was feveral times a place of military conflifi, 
being feated on the immediate confines of the Northumbrian 
kingdom. Edward the Elder, king of the Mercians, is 
faid to have fortified and rebuilt a confiJerable part of it, 
which lime and violence had united to dettroy. At the 
period of the grand Domefday furvey, two.churche8 appear 
to have exitted here, called St. Mary’s and St. Michael’s. 
Albert de Grefloy obtained from the Conqueror the lordfhip 


of the manor. In 1301 hisgrandlon, Thomas, granted a 
charier to his burgeffes of Mancheller, conftituting their 
town a free borough. Lord de la Warr, the latt male heir 
of thix family, laid the foundation of the collegiate church, 
wh.ich tended, in no fmall degree, to promote its increafe and 
improvement. This town in early times was a place of fanc- 
tuary, and one of the eight places to which that privilege 
wab confirmed by Henry VIII. in 1540. The year follow- 
ing, however, it was removed to Chetter, which the ftatute 
declares “ had a ttrong gaol and a mayor, and had not the 
wealth, credit, great occupings and good order which 
Mancheftcr had.** In 1605, a peftilence raged here, and car- 
ried oft upwards of 1000 perfons. Upon the breaking out 
of the civil war between Charles I. and the parliament, 
Manchefter decidedly cfpoufed the republican canfe, and 
fuccelsfullyrdiiled feveral fieges by the royal army, under 
the earl of Derby. Notwithftanding thefe 'circumftances, 
however, the inhabitants feem to have honoured the reftora* 
tion of Charles II. with particular marks of joy. 

From this lliort (Icetch it will readily be perceived that, in 
an hiltorical point of view, Mancheftcr is only entitled to a 
very fmall (hare of general attention : though regarded as 
a maimfaftiiring town, it is defervedly dilhnguiflK'd above 
every other in England. When it firft began to be noted 
for its manufaftures is uncertain ; but in the time -of Ed- 
ward VI. Manchefter cotton-i, Manchefter rugs, and Man- 
chefter friezes are frequently mentioned in various afts of 
parliament. In 1650, its trade is deferibed ati ** not inferior 
to that of many cities in the kingdom, chiefly confifting in 
woollen frie/.cs, fuftians, fack^cloths, mingled ftufFs, caps, 
inkles, tapes, points, &c. whereby not only the belter fort 
of men are employed, but alfo the very children by their 
own labour can maintain themfelves. There are, befides, all 
kinds of foreign merchandize brought and returned by the 
merchants of the town, amounting to the fiim of many 
thoufand pounds.** About this time great quantities of 
linen yarn feem to have been imported here from Ireland, 
which being wrought into cloth, was refhipped for the Iri(h 
market, ft was not, however, till after the middle of the 
latt century, that Manchefter rofe to a pre-eminent rank 
among our manufafiuring towns ; a rank for which it is 
chiefly indebted to the ingenuitY and invention of Mr. Har- 
greave and tir Richard Arkwright. Previous to the year 
1760, all the cotton yarn manufactured in the country was 
fpun by band, upon that well known domeftic inftrument; 
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called a one^htead wheel. Shortly after this period, Mr. 
Hargreare conftruded a machine denominated a jenny^ by 
which one perfoti was enabled to fpin from twenty to forty 
threads at a time. Thefe machines foon came into general 
ufe, but were much limited in their employment till the year 
I77?» when fir Richard brought the improvements of his 
pre^cefTor to much greater perfedion. This gentleman 
having eftabliflied his extenfive maniifadories here, made 
Man<me{ler the principal feat of the fpinning trade, the rapid 
incrcafe of which produced a correfponding increafe in the 
buildings and population of the town. See the preceding 
articles of Arkwright, vol. ii. and Cotton., vol. x. for 
further particulars. In Brayley’s “ Beauties of England,'' 
vol. iii., Derby fliire, is an interefting and ample memoir of 
fir Richard Arkwright, with accounts of the prefent ftate 
and proceffes of the cotton manufadures. 

As Mancheflcr, notwithftanding its extent and political 
importance, is not a corporate town, the government is vetted 
in a headborough, called the boroughreeve, and two confta- 
bles. Thefe are chofen annually from the moft refpedable 
of the inhabitants by a jury impannelled by the fteward of 
the manor,' at the courts leet, which are held by the lord of 
the manor twice every year at Eatter and Michaelmas. The 
boroughreeve is ufually one of the gentlemen who has ferved 
as conftable for the preceding year, and is treated perhaps 
with more refped (the paraphernalia of a macc-bcarcr ex- 
cepted), than any mayor in the kingdom. Tlie cliief duty 
of this officer is to prcfidc at public meetings, and to dittri- 
bute certain charities, denominated “ boroughreeve charities," 
all the judicial fundions conneded with the police being 
executed by the conftables and their deputies. A court of 
requetts is held every month for the recovery of fniall debts ; 
and every Wedricfday and Saturday reveraUrefpcdablc ma- 
gittrates fit in the court-room of the New-Bayley foi the 
adminillration of juttice in pleas of ahnott every defeription, 
whether civil or criminal. Quarter feffions alfo are held four 
times a-year ; and, from prefs of bufinefs, the court is 
fometirnes obliged to continue its fittings for nearly a fort- 
night. 

This town is divided into two portions by the river Ir^ell, 
which receives the Irk at a fliort dittance from the epBeg^ate 
church. The lituation of Salford is very fimtlaf to 
that of Southwark, the communication between the two 
towns being kept up, as in Eondon, by three bri4ge8 
thrown acrofs the river at difl'erent places. The moft an- 
cient of thefe is called the “ Hanging bridge," Old, or Sa’- 
ford bridge, and is fuppofed to have been originally fputidcd 
in the time of tlie Romans. The prefent, built in the reign of 
Edward II L, was formerly very dangerous for foot paflen- 
gers, but in 1778 it underwent a thorough repair and ex- 
tcnfion. Blackfriar’s bridge, ere£led about fifty years ago, 
is conftrucled entirely of wood, and flagged for foot paflen- 
gers only. But the fineft bridge over the Irwcll is the New 
bridge, commonly called the New Bayley bridge, which 
was founded in 1785;, and is conftru£icd w'holly of ftone. 
It confitts of three large arches, and a fourth of fmaller di- 
menfions, left open in fupport of the duke of Bridgewater's 
right to a towing path to lus quay, in Salford, agreeably to 
the tenor of the aft, enabling His Grace to form his extenfive 
canals. Six bridges are here thrown acrofs the Irk, the 
chief of which arc Huntlbank bridge, fituated near the col- 
lege, and Scotland bridge : nine arc thrown over the Mcd- 
lock, which runs in a ferpentine coiirfe through the fouthern 
fuburbs of the town. Oxford-ftrect bridge forms a part 
of a ttreet of that name. A variety of other bridges lie acrofs 
the numerous canals which interfeft the fuburbs at diflercnt 
places, and at Knotmill, in the vicinity of Cattle-field, is a 
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very noble tunnel, through which the Rochdale canal pafletf 
not far from its junftion with that of the late dulse of 
Bridgewater's. 

WTth refpeft to the plan and buildings of this town, it 
may be remarked, that the portion of it called the Old Town 
confitts of a very motley affemblage of old and new houfes, 
clofcly huddled together, and e^mibiting little elegance in 
their exterior appearance. Even the new ftreets, though 
much fuperior to the old, are ufually narrow, except in a few 
inftances where they have been improved by the afts of 177^ 
and 1791. In thefe latter, however, there are a number of 
very excellent modern buildings. Mofley-ftreet and Portland 
place would do honour to the capital itfelf. Grofvenor- 
I'quare, when finittied, will probably rival the fineft in tl ..i king- 
dom, The fuburbs of Ard wick-green and Salford crefeent 
are peculiarly pleafant, and contain fome handfome houfes, 
which are mollly occupied by the wealthy manufafturers. 

The churches and other public edifices of this town are 
numerous, but few of them are diftinguifhed for architeftu- 
ral beauty. The College, or parifh church, founded, as already 
mentioned, by lord de la Warr, bifliop of Durham andreftor 
of Manchetter, is a venerable building in the rich ornamented 
ftyeof the 15th century. In the interior its appearance is 
confufed and heterogeneous. The windows ftill retain many 
rich remains of the painted glafs with which they were for- 
merly ornamented. The roof is of elegant wood-work, in- 
terfperfed with carved figures of angels playing upon differ- 
ent mufical inftruments. In front of the gallery, on each 
fide of the clock, arc fufpended the colours of the 7 2d re- 
giment, raifed in this town by fubfeription during the 
American war, whofe noble conduft at the fiege of Gibral- 
tar is Hill remembered with exultation by every lover of his 
country, and particularly by the inhabitants of Manchetter. 
Adjoining to this church are a number of fmall chapels well 
worthy of the attention both of the architeft and the an- 
tiquary. A view of this church, with a particular account 
of it - hiftory and architectural peciiliantics, written by J. H, 
Markland, ¥, S. A. are given in the third volume of ** The 
Arcliiteftural Antiquities of Great Britain.'* 

St , Ann's church, fituated at the end of the fquare to whick 
it gives name, is diltinguiffied for its handfome appearance. 

It was founded by lady Ann Bland in 1709, in compliment 
lo whom it was dedicated to the faint whofe name it bears. 
The church of Su Mary, fituated between Deanfgate and 
tlu; river Irwcll, is admired for the beauty and fine proportions 
of its fpire, wliich meafures 186 feet in height. The lanthorii 
which fupporti< it is peculiarly ftriking, being compofed of 
eight noble Ionic pillars, furmounted by a large globe, upon 
which is placed a maffy crofs. St, John's churen is built in 
the ttylc which is called modern Gothic. In the veftry are 
fcveral pictures, and a beautiful window of ftained glafs. 
Two of the windows in the body of the church are alfo de- 
corated wiih fine painted glafs. The other churches in 
this tov/n are St. Paul’s in Turner-ftrcct, St. James’s in 
George-ttreet, St. Michael's in Angel-ftreet, St. Clement’s 
in Lever-llreet, St. Stephen's near Bolton-ftreet, St. 
George’s in the neighbourhood of Newton-lane, and St. 
Peter's, which terminates the profpeft down Dawfon-ttreet 
and Mofley-ttrect. The latter was defigned and executed 
by James Wyatt, efq. In Salford is Trinity chapel, a neat 
ftone edifice of the Doric order. 

Befides thefe churches there are three others alfo belong- 
ing to the cttablithmeiit, fituated in the adjoining townfhips 
of Ardwick, Chorlton, and Pendleton, which, from their vi- 
cinity to Mancheder, may not improperly be confidered as be- 
longing to it. Numerous chapels and meetiug-houfes, ap- 
propriated for the public worfhip of diffenters of almott every 
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denomination! are likewifedifperfed through various parts of 
the town. CatkoNcs are numerous here, and the Methodifts 
are found to c^irprtfe a very confiderable proportion of the 
whole population. 

The vail number of excellent charitable inftitutions with 
which hfaochefter abounds are highly creditable to the 
benevolence, liberality, and public ipirit its inhabitants. 
Indeed, in this r^fped, this town is not itirpaiTed by any in 
the Britiih empire, whether the fuiiablenefs of the buildings 
for their rcfpedive purpofes, cr the liboral contributions by 
which they arc fupported, are t.-'ken into view. Among 
th^^fe eftabliihments, Chetham’s-Horpital, commonly calied 
the College, is firft deferving of notice, by priority of 
foundation. It owes its extOcnce and entire fupport to the 
munificent bequeti of Humphrey Chetham,efq. of Clavton, 
whole will is dated the I6^h of I>ecember 1651. At firft, the 
number of boys clothed and educated here amounted only to 
forty ; but from an increafe in the value of the eftates belong* 
ing to the foundation, the number was augmented more than 
thirty years ago to eighty. The building appropriated to 
this charity is fituated on a lofty rock, near the confluence 
of the rivers Irk and Irwell, immediately adjoining to the 
collegiate church already mentioned, to which indeed it for* 
merly belonged. Upon this fpot Mr. Whitaker fuppofes 
the Romans had their prostorium, or fummer camp; and 
certainly the fituation was admirably adapted for that obiedl. 
In a large gallery, in this edifice, is a public library, like* 
wife founded by Mr. Chetham, which now contains upwards 
of 15,000 volumes in various languages, and in almoft every 
branch of fctence or li crature, belides fomc very valuable 
manufermts. The Infirmary, Difpenfary, Lunatic Hof- 
pital, and Afylum, are all included in one fpacious building, 
fituated in the front of Lever’s Row, which is confldered as 
the higheft ground in the town. The foundation of the 
firft ccfifice was laid in 1753, for the reception of forty pa- 
tients ; but the number was foun afterwards doubled, and 
now there are 160 beds appropriated fqr iheufe of the Tick. 
The Lunatic Hofpital was opened in 1766, and the Dif* 
penfary in 179a. The annual fubferiptions for the fupport 
of thele inftitutions, amount to fevcral thoufand pounds. Here 
are two poor*houfes, one of which was erected in t 792, on the 
fide of the Irk, nearly oppofite the College ; and the other 
built the year following, at the upper end of Greengate in 
Salford. Both of them are handfome buildings, and ad- 
mirably fitted up for the purpofe to which they are appro- 
priated. The Lying-in-Holpital was inftituted in 1790, 
and not only provides profeflional aid for in-door patients, 
but Ukewife for the afliftance of fuch poor married women 
as find it inconvenient to leave their own houfes. The 
Houfe of Recovery is intended chiefly for the reception of 
patients aiflided with contanous fevers. The other principal 
charities are the ftrangers-friend-fociety, inftituted in 1791, 
and the boroughreeve's charity : the former deflgned for the 
relief of ftrangers, and the latter for the aid of the poor inha- 
bitants in general. The Free-fchool is an excellent founda- 
tion! whicn owes its origin to Hugh Oldham, biftiop of Exe- 
ter. In this fchool the greater part of the clergy of the town 
and neighbourhood have been educated, as well as many noble- 
men. There are, befides, ieveral inferior charity and Sunday 
fchools in various parts of Mancliefter. 

Though in every refpedl a manufafturiiig towm, Man- 
chefter has not wholly neglcded the promotion of literature 
and fcience. Societies, having this obje£l in view, are nu- 
merous. The chief of them arc the Literary and Philo- 
fopbicaU inftituted by Dr. Thomas Percival in 1781 ; 
and the Philological Society! which commenced its meet- 
ings in 1803. Here are alfo two very extenfive public 
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circulating libraries $ the fonfler founded in fyfy# and the 
latter in lypa. The Manchefter Agricultural Society was 
eftabliflied in 17^7* objedl the encourage^ 

ment of the uleful arts in general! by the diftribution of 
premiums for fcientific difeoveries. A laudable pra&ice is 
alfo adopted, of granting premiums to cottagers, who fup^ 
ort their families without parochial aid ; and in fonie in^ 
ances likewife, honeft and good fervants are rewarded^ by 
honorary prefen ts. The repofitory, defigned to encourage 
and reward induftrious females, has proved highly ferviceame 
to many individuals, and is therefore juftly entitled to liberal 
and careful fupport. 

Befides thole already noticed, many other public buildings 
and inftitutions, intended either for ufeful purpofes or for 
amufement, may properly claim attention in this place. 
The Theatre, a commodious and extenfive building* was 
eredled in 1807. It is open during feven months of the year, 
and can in general hoaft of a very refpedable company of 
performers. The gentlemen’s Concert-room is elegant and 
capacious, and will accommodate upwards of 1200 perfons. 
This is fupported by a voluntary fubfeription ; and ftrangers 
arc admitted with a fubferiber’a ticket. There arc likewife 
very excellent new and cemmodibus aftbmhly-rooms for balls, 
card-aflemblies, &c. The New-Bayley, or Penitentiary 
houfe, is well deferving attention, both on account of the ex- 
tent of the edifice and arrangement of its parts, and alfo for 
the economy obferved in the interior. Immediately above 
the entrance is a large room, where the fefiions are held ; 
and adjoining to it are feveral commodious rooms for the 
magiftrates, jurors, &c. Beyond this, in the centre of a 
large area enclofed by lofty walls, ftands the prifon, an ex- 
tenfive building in the fhape of a crofs, three ftories high. 
It is remarkable for the cleannefs with which it is kept, as 
well as for its regulations. Prifoners, not confined for 
capital crimes, are allowed the free exercife of their re- 
fpedive trades. A workhoufe, on a large fcale, has alfo been 
lately built. 

A new ftrudlure, called the Manchefter Commercial Build- 
ing, or Exchange, was commenced in the year 1806, from 
defigns by Mr. Harrifon, archite£t. It was completed in 
January 1809, and is appropriated to the ufe of the mer- 
chants and manufacturers of the town, who fubferibed cer- 
tain (hares of 50/. each, to defray the expences of its ereCHon. 
The building comprifes an exchange-room, dining-room, 
drawing-room, ware-rooms, (hops, and counting-houfes, a 
fuite of rooms for the poll-office, with extenfive cellars under 
the whole. It is built of ftone, and prefects a fimple, but 
claffical fa9ade, with demi-columns of the Grecian Doric 
order. The exchange-room is very fpacious, containing an 
area of ^000 fuperficial feet, in the centre of which is a 
glazed dome, 40 feet in height, fupported by eight fluted 
columns of the Ionic order. Over a part of this room is a 
gallery, or femicircular fuite of rooms, appropriated to an 
extenfive library, belonging to Mr. Ford, a refpedable 
bookfellor of this town, whofe large catalogue contains a 
valuable alTortment of fcarce, curious, and interefting works. 

The Trade of Manchefter confifts chiefly, but not entirely, 
in the manufaClure of cotton goods. Velverets, checks, a 
variety of fmall articles, fuch as filleting, ta|)es, laces, gar- 
tering, dec. are likewife made in great quantities. The filk 
manufacture has advanced rapidJv here w*ithin the laft ten 
years ; and a manufactory for making and finilhing hats is 
now carried on to a great extent. The profufion of goods 
made here is convened, by means of the Irwell and the nume- 
rous canals which interfea the town, to diflferent ports both 
on the eaftem and weftem coaft. Liverpool, however, is the 
principal mart for the exportation of the cottons ; and be« 
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Tween that town and Manehefter there fs a conllant and 
rapid communication both by land and water-carriage. 

Manehefter hai two markets, called the old and the new, 
both of wluch are held twice a week on Tuefdayt and 
Satnrdayi : the latter is the principal one for provifions ; 
the former being moftly frequented for tranuding the 
manufaduring bufinefs or the town with the country traders. 
Moft of the ftreets are paved and lighted, and are guarded 
at night by about aoo watchmen. For the regulation of 
parochial affairs, Manehefter it divided into fourteen dif- 
trids. It gives title of duke to the noble family of Mon- 
tague, fome of whom have been diftinguilhed charaders. 
In the paths of literary fame, however, it can claim 
little diftindion ; but Byrom and Falkner may be properly 
nnked with what Fuller calls <*the worthies of the 
place.” 

The environs of this town abound with old manfiont, 
refpedable villas, and a number of modem feats. Ancoats- 
hall, the manorial manfion-houfe, is a venerable building, 
the parts of which are difpofed in a moft curious and gro- 
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tefque manner. Hulme-hall, or Holme, is an edifice of a 
fimilar kind, exhibiting a remarkable fpecimen of ancient 
domeftic architedure. It ftands on the edge of a (helving 
bank of the Irwell, and exteriorly offers to the view a moft 
romantic and piduKftjue objed. Heaton-houfe, the feat 
of the earl of Wilton, lies about four n iles to the north-eaft 
of the town. The houfe, a handfome modern ftrudure of 
ftone, ftands on a commanding fituation, in tiir midft of 
a very noble park, finely decorated with venerable trees and 
numerous thriving plantations. The other principal feats 
are Trafford-houfe, Alkington, and Smedley-hall { near 
which laft is Broughton-hall, formerly the property of the 
Stanleys, earls of Derby. Every part of the furrounding 
country difplays the higheft date of agricultural improve- 
ment, and in times of proljperity prefents one vaft feene of 
enterprize and indullry. Beauties of England and Wales, 
vol. ix. Aikin’s Hiftory of Manehefter, and its Environs, 
4to, bv J. Afton. The Manehefter Guide, lamo. 1804. 
WhitaKer's Hillory of Manehefter, a vols. 4to. lyyj. 
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MANUFACTURE i« popularly ufed to lignify the 
work'iitfelf ; and by exteofion, the like work carried on inde- 
pendently in different parts of the country. 

In this fenfe we fay, the caton manufatture, mollm manu- 
hcimejftlk manufaflure, velwt manufaaurc, tnpfpy manu- 
fadure, mujlin niannfadlure, &c. manufafturc of hats, Hook- 
ings, &c. 

By 23 Geo. II. c. 13. if any perfon exports any tools or 
uteniils ufed in the filk", linen, cotton, or woollen manufac* 
tines, he forfeits the fame, and 200/.; and the captain of the 
fhip, having knowledge thereof, too/. And if any captain 
of a king’s fhip, or officer of the cuftoms, knowingly fuf- 
fers fuch exportation, he forfeits 100/. and his employment, 
and is for ever made incapable of bearing any public office. 
And every perfon collefting fuch tools for exportation, 
fhall on conviftion forfeit them, and 200/. (See alfo 
14 Geo. III. c. 71.)^ By 21 Geo. III. c. 37. the above 
penalties on the captain of the fhip and officer of the cuf- 
toms are augmented to tool . ; and a perfon having in his 
cuftody, or procuring to be made any fuch tool, fliall forfeit 
the fame, and 100/., and be imprifoned for twelve months. 
Proiecution on this claufe to be within twelve months after 
the offence committed. By 22 Geo. III. c. 60. any perfon 
exporting any fuch tools, fhall forfeit the fame, and 500/.} 
and any officer of a fhip, conniving at it, fhall forfeit 500/., 
and if it be a king's fhip, forfeit alfo his office, and be in- 
capacitated. 

Much was done under the aufpicei of the magnanimous 
prince Edward III., for eftaUifhing our domeltic manu- 
^ures, by prohibiting the exportation of Englifli wool, 
and the importation or wear of foreign cloths or furs, and 


by encouraging cloth-workers from other countries to fettle 
here. 

Manufacture, Cotton, one of the leading and molt im- 
portant branches of our national induflry and commerce. 

The hiftoryof its aftonifhing progrefs in the laft century, the 
fucccffivc improvements in the machinery, which have been 
made by various inventors, and the extent of the trade, with 
other curious important fafts, are detailed under the article 
Cotton : it is tiecdlefs, therefore, to recapitulate thefe cir^ 
cumflances, and we fliall proceed at once- to dcfcrilie this 
extenfivc maniifadurc, as coiiduded on the moll improved 
fyffem in feme of our largeft cotton-mills. Manv of our 
readers may have viewed a cotton-mill with wonder, but 
not with intelligence, nor with Icifure to trace the Heps by 
which the wool from the bag ultimately afTiimcs the form 
of a very fine thread. BewHdered by luch a complication 
of machinery all in motion, very few, we imagine, arc able 
to rccolledl, with diftinflnefs and intelligence, the effential 
part of the proceffes by which the form of the cotton is fo 
wonderfully changed. Such readers will not think a page 
or two miiemployed, in giving a brief account of the dif- 
ferent operations the cotton paffes through, from the raw 
cotton or cotton wool, as imported, to the finifhed tliread ; 
and we fhall afterwards enlarge upon each fulled, and 
deferibe the machinery by which thefe operations are cf- 
feded in the moft expeditious and perfed manner. For the 
explanation of thefe, we have appropriated 13 of our plates, 
which are entitled Cotton Manu/aSun. 

Cotton, it is well known, is the produce of a fhrub in 
the warmer climates of tlie £aft and Weft Indies, and even 
in the more temperate countries which border on the Le- 
vant. It comet to IIS packed in bags, without any further 
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prcDaration than being pKtty carefully picked out of the 
pod in which it grows ; but ftill much dirt, hulk, and other 
impurities remain in it« The cotton wool is imported either 
in baffs or in bales : the bags weigh from i£cwt. to 5 cwt., 
and the bales ufually weigh 3 { or 3* cwt. On arriving at the 
cotton-mill thefe are unpacked, and the contents examined 
at the fame time it is turned over and beaten with a ftick, 
and the grofs impurities picked out with the fingers. This 
is called /ortln^^ and the object of the beating is to foftcn 
and open the fibre of the cotton, fo as to expofc every part. 
The forting is performed immediately when the bags of cotton 
are opened, but it has rtill to undergo a fecond examination, 
called fickin^; the principal obje€k of the firfi examina- 
tion, or forting, being intended to afcerlain the quality of 
the cotton, and to find wiiat kind of goods it is belt adapted 
for manufaduring, and in this examination the coarfefi im- 
purities and yellow damaged parts arc picked out. 

After forting the cotton, it is carried tci the hatttn^ 
chine, and t!ie coarfer forts of cotton to the opening machine^ 
which ii known to the workmen by the name of ifeviL in 
the batting machine, the cotton is fpread upon a platform 
of ropes ftraiiied very tight, and a number of rods firike 
very fmartly upon it, by which they open the fibres and 
loofen the knots of cotton preparative to the fucceeding 
operations : at the fame time the violence of the batting 
Joofens and lliakes out all dirt, dnif, and cotton feeds, oP 
which the cotton in its raw fiate contains a great number, and 
which w'ould he very prejudicial to the operations of the more 
delicate machines. ']''he cotton, when firlt packed up in the 
bags, comprefTed very clofely, for the convenience of 
ftowage, and this condenfea it iiUo a hard matted mafs ; but 
the batting machine, ilriking it violently with fmall fiicks, 
raufes the fibres, by their natural clalticily, and the motion 
occafioned among them, to gradually loofen and difcngage 
themfelves, and the cotton, by rcj:eaie(l llrokes, recovers all 
its origi. al voliiinr'. 

The opening machine has the fame obje^s, Snd produces 
the fame effedi, though in a very different manner, «s it 
confilU of a rapidly revolving cylinder, on which a great 
number of iron teeth, or fpikes are fixed, which tear and open 
the cotton againlt other fimilar teeth, which are fixed in a 
ftationary half cylinder or hood, eiiclofing the other. The 
batting machine is ufed for the finer kind of cotton f $nd the 
opening machine, which ads in a more rapid thdugh lefs 
effedive manner, is employed upon the coarfer forts.' After 
batting or opening, the cotton is again picked, to |«moye 
thofe finer particles of dirt which were before enveloped in 
the cotton, but are expofed by the operation of the maictiiiie. 
It is performed by women, who remove all extraneous matter, 
and every particle of yellow or damaged cotton. The perfec- 
tion of the article to be produced, depends in a great degr^ 
on the care with which the picking ii performed, and this is 
almoft the only procefs, in the cotton (pinning, which cannot 
be performed by machinery, becaufe it neccflkrily requires 
a difcrctionary power. 

The cotton wool being picked clean, is next aiixri, that is, 
the contents of different bags arc mixed together with a view 
of obtaining a fimilarity in the quality of the cotton which 
in to be fpun. In this operation the greateft art of cotton- 
fpinning confifis, and it is that department in which exj^- 
ricnce alone guides the manufadurer. By a judicious mix- 
ture of different forts of cotton, fome fpinners will pro- 
duce a very fine and capital yarn, from fuch cotton at would, 
if fpun alone, or improperly mixed, only produce coarfe and 
low priced goods. The mixture is effi^ded by making a pile 
•r heapt confifttng of fucceffive layers, of the different kinds 
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of cotton which are to be mixed ; then by raking away a 
fmall quantity at a time from the edges of the heap, fink- 
ing the rake from the top to the bottom, through all the dif- 
ferent layers, the cotton will be very equally mixed. Some^ 
tjmes the cotton wool is dyed, and different colours are mixed 
together. It is now fpread out, very evenly and regularly, 
upon a long cloth, which is rolled up and carried to the 
Canling machine^—Tiiis confifts of a number of cylinders^ 
covered with wire teeth or cards, and revolving with confi- 
derable velocity in oppofite diredions, nearly in contad with 
each other, and covered by a dome alfo lined with cards. 
The cotton, being introduced among thefe, is continually 
combed, or carded, by the teeth, untU almoft every indivi- 
dual fibre is feparated and drawn ftraight, and every little 
knotty and entangled part difengaged. By palfing gradually 
through the machine from one c;^nder to another, tM cotton 
isdifperfed lightly and evenly among the teeth over the whole 
furface of the laft, or finifhing cylinder, from which it is de- 
tached by the mechanifm in a continued fleece. This is 
drawn off, and lapped upon a cylinder turned flowly round 
by the machine, until the fleece has made a great number of 
turns upon the cylinder : it is then broken on, by dividing it 
at one part, fo that it forms a fleece called a lap, which is the 
length of the circumference of thec)linder, and confifttng 
of fifteen or twenty thickneffes, by which admirable contri- 
vance very great regularity is obtained in the thicknefs of 
the lap, becr.ufe if any one part of the fleece produced by 
the machine is thinner or thicker than it ought to be, in con* 
fequeiice of any irregularity in the fpreading of the cotton- 
wool upon the cloth, previous to carding, mch irregularity 
will liave no fenfibie efreft upon the ultimate thickneU of the 
lap, becaufe it is compofed of thirty or forty ftrata, and 
there is no probability that the inequalities of thefe feveral 
ilrata will fall beneath each other, but every chance that 
they will be equally dlfperfed through the whole, and thus 
corredf each other. The lap, when taken off, is laid flat on 
a cloth, which, with it, is rolled up and conveyed to a fe- 
cond carding- machine, called the Jfntjfbing cardf while the firfi 
is called the breaker. In this fecond card it undefgoes a fim> 
iar procefs to the firfi, but infiead of the fleece being re- 
ceived on a cylinder, it is contracted by pafBng through a 
funnel.iin which the fleece, being hemmed in on both fides, is 
gradually contracted to a thick roll, which may be continued 
to any length as long as the machine is fupplied with cotton. 
This roll or band of cotton is drawn off between two rollers, 
which comprefs it into a pretty Arm, flat ribband, about two 
indies broad. The rollers deliver it into a tin can, placed 
to receive it, and in this it is removed to the 

Dramnng /Vmwe.— This machine confifts of feveral pairs of 
rollers, between which the cotton is paffed, and eveij fucuef* 
five pair it is drawn through moves, by means of the wheel- 
work, with a greater velocity than thofe preceding it, fo at 
to ftretch out the band or (liver of cotton, in the fame man- 
ner as it would be drawn out, if one part of the fiiver were 
held between the finger and thumb of one hand, and another 
part, at an inch or two diftant, being held in the other hand. 
Then by drawing the two hands afunder to the extent of four 
inches, it is evident two inches in length of the cotton fiiver 
would be extended or drawn out to four inches, lo like 
manner, the firfi pair of rollers through which the fiiver 
paffes, are preffed together with a ioificieiit weight to 
hold the cotton firmly between them. The fecond pair of 
rollers are fituated at one or two inches diftant, and are made 
^ the wheel-work to revolve more fwiftly than the firfi. 

difference of velocity, however, is but fmall, though 
confequcDce is, that the fiiver will be lengthened in tk fiune 



proportion ; for the fecond rollen take up the cotton much 
fatter than the firft pair will deliver it out : it mutt, therefore, 
be either forcibly pulled through between the firft rollers, 
or it mutt be ftretched a little, by the fibres flipping among 
each other, or it mutt (>reak. When the extenfion is fmall, 
the only effeA of it*is merely to begin to draw the fibres 
(which are at prefent lying in every polfiUe direftion) into a 
ttraight and parallel pofition, which is mott favourable for the 
fubfequent extenfions. The drawing frame contains a third, 
and fomc of them a fourth pair of rollers, by which the 
ilivcr undergoes a fecond or third draught ; but the combined 
effeft of aU thefc drawings is generAy to extend the ftiver 
to four times the length it was when firft put to the ma- 
chine. But as this would reduce the (liver to one-fourth of 
the fize, which is not intended in this ftage of the procefs, four 
ends or (livers are introduced between the rollers together, 
and being drawn into onc> which is four times the length, it 
will of courfe be of the fame fize as. any one of the four 
which is put in. This drawing procefs ip repeated three or 
four times, and the alteration it makes in the cotton is to 
equalize the fize of the (liver, on the fame principle as be- 
fore deferibed of the breaking card, viz. by repeatedly 
combining four together, and drawing them into one : it 
alfo difpofes the fibres longitudinally and in the moil perfe£l 
ttatc of parallelifm. The operation of carding effefts this 
in a certain degree; yet the fibres, though parallel, are not 
ttraight, « but many of them doubled, as may eafily be fup- 
pofed, from the teeth of the cards catching the fibres fome- 
times in the middle, which become hooked or faftened upon 
them. 

Though the general arrangement of the fibres of a fliver 
from the finifhing card is longitudinal^ yet they are doubled, 
bent, and interlaced in fuch a wav, as to render the operation 
we are now fpeaking of abfolutcly nccelTary. 

When the cardings have been pafTed four or five times 
through the drawing frame, every fibre is ftretched out at 
full length, and difpofed in the molt even and regular dire£lton, 
lb that each fibre will, when twifted into a thread, take its 
-proper bearing, in confcquence of every one being ftraightened 
and having the fame tenfion. 

The (liver in this (late prefents a moft beautiful appearance, 
being fo extremely regular in its fize, and all the fibres drawn 
fo Itraight, that it bears a fine gloflTy or filky appear- 
ance. It is upon this fliver or ribband of cotton wool that 
the operation of fpinning begins. The general effe^ of the 
fpinning procefs is, to draw out this mallive fliver, and to 
twift it as it is drawn out : but this is not to be done by 
the fingers, pulling out as many fibres of the cotton at once 
as are necelfary for compofing a thread of the intended fine- 
nefs, and continuing this manipulation regularly acrofs the 
whale end of the ifoband, and thus, as it were, nibbling 
the whole of it away. The fingers muft be direi^ed for thm 
purpofe by an attentive eye ; but in performing this by 
machineij, the whole ribband muft be drawn out together 
and twiited as it is drawn. This requires great art and 
very delicate management ; it cannot be done at once, that 
if, the cotton roll cannot be firft ftretched, or drawn out to 
the length that is ultimately produced, from the tenth of an 
inch of the fliver, and then twifted. The^pe is not cohefion 
enough for this purpofe, it would only break off a bit of the 
fliver, and could make no furtherufe of it ; for the fibres of 
cotton are very little implicated among each other in the 
fliver, beouifo the opmtion of carding and drawing has 
lud them aU parallel in the fliver ; and though comprefliMi 
m little, by its contradion in the card from a fie^e of 
twenty inches to a ribband of two, and afteiwards com- 


MANUFACTURE 

prelTed between the rollers of. the drawing frame, yet tViey 
cohere fo (lightly, that a few fibres may be drawn out, with- 
out bringing many others along with them. For thefe rea- 
fons, the whole thicknefs and breadth of two or three inches 
are ftretched to a very minute quantity, and then a vei7 flight 
degree of twift is given it, viz. about two or three turns in 
the inch, fo tliat it (hall now compofe an extremely foft and 
fpungy cylinder, which cannot be called a thread or cord, 
becaule it has fcarcely any firmnefs, and merely rounder 
or (lenderer than before, l^ing ftretched to about four times 
the former length. This is called rofwijr, and the operatiow 
is performed in the 

Roving Frame . — ^This machine is conilru£led in a great 
variety of forms, but all of them have the fame objedl in 
view, viz. to draw out the (liver, fo as to reduce it from a 
large band to a coarfe and loofe thread : but as this exten- 
fion would render it fo extremely tender, that it would 
fcarcely hang together in pafling through the fucceeding 
machines, the roving frame, immediately after having drawn 
and extended it to the intended fize by rollers, operating in 
the fame manner as the rollers of the drawing frame, gives 
it a very (light twift, as before mentioned, and this loofe 
thread, which is called the roving, is the firft rudiment of a 
thread. Although it is extremely tender, and will not carry 
a weight of two ounces, it is much more cohefive than be- 
fore, becaufe the twift given to it makes all the longitudinal 
fibres bind each other together, and comprefs thoTe which 
lie athwart ; therefore it will require twice the force to pull 
out a fibre from among the reft, but dill not near enough 
to break.it. In drawing a Tingle fibre others are drawn out 
along with it, and if we take hold of the whole aflemhlagc in 
two places, about an inch or two afunder, we (hall find that 
we may draw it to near twice its length, without any rifle of 
its feparating in any intermediate part, or becoming much 
fmaller in one part than another. It feems to yield equally 
over all parts. 

Our readers will now perceive, that thefc procefTes will 
enfure all that is wanted, and prepare a roving that is uni- 
form, foft, and dill very cxtenlible : in (hort, fit for under- 
going the lad treatment of fpinning, by which it is made a 
tine and firm yarn. 

It is evident that the roving produced by thefe operations 
mud be exceedingly uniform. The uniformity really pro 
duced exceeds all expedatioh ; for even although there be 
forae fmall inequalities in the carded fleece, yet if thefe are not 
matted clots which the card could not equalize, but only 
confift of a little more thicknefs of cotton in fome places 
than in others, this inequality will fird be diminiflied by the 
lapping of the fleece in the breaking card ; and when fuch 
a part of the fliver comes to the firft roller of the drawing 
fraine, it will be rather more ftretched by the fecond than a 
thin part would be. That this may be done with greater cer- 
tainty, the weights of the firft rollers are made very fmall, 
fo that the middle part of the fliver can be drawn through, 
while the outer parts remain fad held. 

Such is the date of the roving as prepared by the roving 
frame. AU the preceding procefTes are to be coniidered as 
the preparations : and the operation of foinning is not yet 
begun. Thefe preparations are the mod tedious, and re- 
quire more attendance and hand-labour than any fubfequent 
^rt of the procefs. For the (livers from whicn the rovings 
are made are fo light and bulky, that a few yards only can 
be piled up in the cans fet to receive them from the carding 
and drawing : a perfon muft therefore attend and watch each 
roller of Uie drawing and roving frames, to join frelh (livers 
as they are expended. It is alio the mott important depart- 
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ment in the manufaAurc ; for as every inch will meet with 
precifely the fame drawing and fame twilling in the fubfe* 
guent parts of the proccis, therefore every inequality and 
fault ot the lliver, indeed of the fleece as it quits the nnifh> 
ing cardi will continue through the whole manufa£lure, in a 
greater or lefler degree, being only diminifhed, not corre6led, 
by the drawing, doubling, flee. The fpinning of cotton-yarn 
now divides itfelf into two branches. The firit performed by 
what were called jennies, when worked by the hand, but 
fjnee they arc moved by the power of a mil*, they are called 
mules : the manner of adion refembles the ancient fpinning 
with dtilafP and fpindle. The fecond method, called ginning 
of or water-fpirmingi bccaufe it was the lirll fpinning 
performed by a water-wheel, is in imitation of the fpinning 
with the fly*wheel, or jack and flyer. The two methods 
differ in the fame manner, as the old wool or cotton-wheel 
differs from the fpinning with the flax-wheel. Mr. Ark- 
wright’s chief invention, ihe fubftitution of the machinery 
for the immediate work of the human finger, was at iiril 
only applied to the manufa6lure of twill, or wator-fpinning. 
We (hall, therefore, firft direft our attention to this. 

7%e water-Jpmning procefs is little more than a repetition 
of that gone through in making the lirll flivers or rovings, 
which are formed on bobbins, either by the roving frame, 
•or arc afterwards bound on bobbins by the hand. Thefe 
bobbins are fet on the back part of the 

Spinning-framet in which the roving is drawn, and ex- 
tended to any required de«rree of linenefs ; and the proper 
twill being given to. it, forms it to the required thread. 
The fpinning-frame is provided with fyftems of rollers, in the 
manner of the drawing-frame, through which the roving 
paffes, and is drawn out according to the fize of the thread 
which is required to be fpun, which varies from four to fo- 
venteen times ; and it ii then twilled more or lefs, as the thread 
is required to be liard or foft : therefore, the fpinning pro- 
cefs fearedy differs from the roving, except in the twift that is 
given it, after thr lall ftrci-ching, in iu length. I his is much 
greater than the roving, being intended to give the yarn hard- 
nefs and firmnefs, fo that it will afterwards break rather than 
ilretch any more. The perfedtion of the ultimate thread or 
yarn depends, in a great meafurc, on the extreme foft nc fa 
of the roving ; for it is this only which makes it f ..fceptfclc 
of an equable firetching, all the fibres yielding and fe- 
parating alike ; and this property will be greatly nifluwed 
by the quantity of twill given by the rovng-framc. For 
thefe points no very dillmtt rule can be givens it in 
different mills, and with different fpecies of cotton as 

may be eafily imagined. The immediate mechauiffti, or 
manipulation, mull be fkilfully accommodated to the nature 
of that friaion which the fibres of cotton exert on each 
other, enabling one of them to pull others along with it- 
This is greatly aided by the contorted curled form of a 
cotton fibre, and a confiderable degree of elallicity wmeh it 
poflcfTcs, In this refpea it greatly refembles woollen fibres, 
and differs exceedingly from thole of flax; and it is for tws 
reafon that it is fo extremely difficult to fpin flax m this 
way^: its fibws become lank, and take any Ikapc W the 
flighted comprelfion, cfpccially when damp in ti^ llignteK 
degree. But bcfidc this, the furfacc of a cotton fibre has a 
harlhncfs or roughnefs, which greatly augments their mu- 
tual friaion. This probably is the reafon why it is fo unfit 
for lents. and other dreffings for wounds, and is refufed bv 
the furgeons even in the mcaned hofpitals. But its hvlhnels 
a^ cladicity fit it admirably for the manufaaurc of yarn. 
Even the (hortnefs of the fibre is fcvourable ; and the roanu- 
fadure would be very difficult, if the fibre were thnee as 
long as it generally is. If it be jud fo long that, in the 
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finifhed thread, a fibre will rather break than come ouC 
from among the red, it is plain that no additional length 
can make the yarn any dronger, with the fame degree of 
compreflioii by twining. A long fibre will indeed give the 
fame firmnefs of adherence, with a fmaller compreuion by 
twining. This would be an advantage in any other yarn ; 
but in cotton, the compreffion is aVeaciy as flight as can be 
allowed: were it lefs, it would become woolly and rough 
by the finallcll ufage ; and it is already too much difpoled 
to teazle out. Now, fuppofe the fibres much longer, fome 
of them may chance to be llrelched along the (liver through 
their whole length. If the fliver is pulled in oppofite oi* 
renlions, by pinching it at each end of fuch long fibre, it is 
plain that it will not flretch till this fibre be broken up, or 
drawn out ; and that while it is in its extended date, it is 
ading on the other fibres in a very unequable manner, ac- 
cording to their pofilions, and renders the whole apt to 
feparate and draw more irregularly. This is one great ob- 
dacle to the fpinning of flax by fimilar machinery. 

Muk-fplnning, — A great proportion of the cotton is fpua 
in the mule indead of the water-frame. The preparation 
it ujidergocs for either method is the fame ; at lead the pro- 
ceffes are fimilar, except that the quantities of draft, and 
fome other particulars, may be varied in the preparation of 
the cotton which is to be thus fpun in this machine, which 
is called a mule, either becaufe it is a kind of machine which 
might eafily be turned by a mule, or more probably becaufe 
it is a fort of mongrel, partaking of the nature of both 
drawing and fpinning, cr uniting the aAion of both the 
roller and fpindle. It confills of three fets of fluted brafs 
rollers, the flutes of which turn into each other. The fird 
fet goes faller than the focond, and the fecond fader than 
the third ; between whicli, when the fliver of carded cotton 
enters, it is a hitle lengthened out between the fird and 
fecond, and farther Hill between the fecond and third ; after 
pairing which, it is flightl)r twilled by the rapid circular 
motion of the fpindle. This has the lame cffedl as the fpin 
ning-frame ; but the quantity of draft between the rollers, 
or cxtcnfion of the fliver, is not, like the water-frame, to the 
full extent which the thread is intended to be. The re- 
mainder of the drctching is performed in this manner : the 
fpindles of the mule, which give the twid to the thread, are 
fitted in a frame, fo that they can be moved backward and 
forward, in a ilraight line, to and from the rollers \ a certain 
length of the roving being therefore given out by the rollers, 
the fpindles are removed backward to take it up as fad as it 
comes, and in ibis motion tliey twid it flightly x At the fame 
time, but after a certain quantity of the roving, a yard for 
indance, has been ^iven out by the rollers, their motion 
ccafes; but the fpindle continues to recede from them, 
another half yard for indance, continuing to twid the thread 
all the while. ' By thefe means, it is evident that the thread 
will be dretched from a yard to a yard and half in length: 
by this contrivance, the cotton wUl bev a greater degree 
of extenfion than any other, becaufe it is condantly twided 
at the fame time that it is extended in length. 

The invention of mules forms quite an epoch in the hif- 
tory of the cotton trade. A vad improvement was made, 
about 35 years ago, by the inirodu&ion of the fpinning 
jennies, by which from twenty to forty fpindles were turned 
at a time. The fpindles v/ere the fame as the mule, and had 
the fame motion ; but this machine was not provided with 
rollers to draw out the cotton, previous to twilling, merely 
depending upon the dretching, to give it the proper extenfion 
requiiite to rorm the roving into a thread. But the combina- 
tion of the jenny with fir Richard Arkwright's invention of 
^wing, h» wlers, £onns a method fuperior to both# at 
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ietft Ibr fine goods. The method of ftretching gives the 
means, as we have before mentxonedy of very great exten- 
fion ; but if this be carried fo far as to draw out the coarfe 
looie roving to a fine thread, there will be great danger of 
its drawing irregularly, that is, more in one place than 
another. In the original method by the jenny, the rovinp 
were prepared by the hand-wheel s they were loofe, coarie, 
untwified threads, partaking fomewhat of the nature of 
eardings, though approaching in fome degree to fpun twift. 
They were obliged to be prepared by the hand-wheel, be- 
caufe the eardings, which were prepared by hand-cards, 
were in detached pieces of a certain length, and regularly 
tapering towards each end : the joining of thefe together, in 
fuch a manner as to produce an equal and regpilar roving, 
required a care and attention which could not be effeded by 
macliinery. 

The combination of fir R. Arkwright’s fvftem of pre- 
paration with the jenny produced the mule, which, without 
the defers of its original, fpins in the moft expeditious and 
perfeA manner. The advantage of this mode of preparing 
the threads over that of the jenny is, that the fibres of the cot- 
ton are all laid longitudinally, and nearly in as fmall number as 
is wanted, before they arc begun to be much twified ; by 
which means, threads of any required finenefs are made 
much ftronger than they were from rovings, made upon the 
fpindle of uie hand-wheel fpun in the jenny, which twitted 
t^m too much in the firtt in fiance ; and in the fubfequent 
extenfion or ftretching, by the removal of the fpindle, for 
rendering them finer, many of the fibres were ncceffarily 
broken. On one of thefe uiules 240 threads are often fpun 
at once 5 and two of them may be managed by one woman, 
with a child to tic the threads which may occafionally 
break. 

' It is needlefs, as the jenny has become an obfolete ma- 
chine in the cotton manufaaurc, to enter into any further 
details, particularly as the mechanifm fo nearly refembles 
the jenny ttill ufed in the Woollen manafadure* See that 
article. 

The reader moderately acquainted with mechanics, can- 
not but perceive that by each of the operations now deferib- 
ed, the cotton-wool is prepared, and drawn into a fine 
ftrong thread, by repeatedly drawing the fliver till its fibres 
become ftraight, then reducing it in the roving frame to a 
coarfe thread, and by a flight twift giving it fufficient 
ftrength to bear fuch an extenfion as will reduce it to the 
fize intended, and then it is immediately twitted into a hard 
thread. All t^fc proceffes arc only a lubftitutc for a fingle 
pull of the finger and thumb of the fpinner, which (he 
accommodates precifely to the peculiar condition of the 
lock of wool which fhe touches at the moment: (he can 
follow this throuj^ all its irreguhrities, and, perhaps, no 
two fucceeding plucks are alike. But when we cannot give 
this momentary attention to every minute portion, wc muft 
be careful to introduce the roving in a ilate of perfed uni- 
formity, and then every inch being treated in the fame 
manneri the final refult be equable, and the yam will be 
uniform. 

The thread being now finifhed, either by the water-frame 
or mule, it is earned to the 

jReelf by which it is taken off the bobbins of the fpin- 
ning frame, or die cops of the mule, and formed into hanks. 
The hank is a meafurc in cottoq trade, compofed of feven 
each of 1 20 yards in length. The reel or frame round 
which thmi u wound is one yard and a haff in circum- 
ference, and at every 80 turns (or huts) which it makes, 
the 80 turns of the thread m tied together to keep them 
feparate, and this meafures out lao yards, which is called a 
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ley : but the thread is not cut at the ley, it is continued 
to be wound on the reel, till feven fuch leys, or 8^ yards, 
are reeled : it is then cut and called a hank, whi^ is tied 
up. 

The different fixes of cotton yarn, or thread, are deno- 
minated accordii^ to the number of thefe hanks which will 
weigh a pound. The hank of 840 yards in length is the mea > 
fure ufed in all Englifh cotton-mills, and thus affords a very 
accurate and convenient ftandard for the fize of the cotton. 
The number is afeertained by weighing each individual hank 
in a little weighing injlrumenU which (hews by an index what 
number of fuch hanks will weigh a pound. Each hank being 
twitted up is fufpended on the hook of this inftrument, and 
the number being afeertained, the hank is put on a proper 
(helf till they are all forted. Then by a table on purpofe 
it is feen how many hanks of any number will weigh lolbs. 
and this number being counted out from any one ttielf, is 
packed up in the bunMtng prefs^ and tied in papers, marked, 
and fent away for market. Sometimes, the cotton intended 
for weaving is warped in the warping-mill before it is fent 
away from the mill : this faves the weaver an immenfe deal 
of trouble. 

Some of the twift is wound on quills for the (buttle ; and 
others, ag^n, are formed into hanks, fome of which are 
tightly bound round at certain intervals previous to their 
being dyed, in order to prevent the parts fo tied from taking 
the colour. This is done that the threads may be difpofed to 
warp in the weaving loom, fo as to produce the clouds 
which are feen in various fpecies of the cotton goods, efpe- 
cially ginghams. 

Some of the cotton thread is dyed in the hank, and other 
cotton which is intended for fewing, knitting, See, or to 
weave fine goods, is bleached ; and becaufe in this procefs, 
or in dyeing, fome fhrinking takes place, it is wound from 
the hanks upon bobbins again by the winding machintf and 
from thefe bobbins it is again reeled into hanks, in which 
it is packed up and font to market : other cotton thread 
for fewing, mending, and domeftic ufe, is .wound into balls 
of a figure refcinbling a cafk, and the many interfedlions of 
the thread arc fo managed as to produce a very beautiful ap- 
pearance. 

The denominations of the quality of the different kinds 
of cotton thread** arc chiefly divided into yam and iwifij 
and this is called mule twift, or water twill, as it is foun 
either in the mule or water-frame. That thread which it 
denominated water-iwi/l, is ufed for weaving calicoes, &c. It 
is fpun liard, that is, with a great deal of twift, fo that it 
forms a ftrong hard thread. It is manufadured of all numbers, 
from 10 to 6^0 hanks per pound. 

The muU-iwijl is ufed for weaving muflins and the fineft 
cotton goods. The effential differences between this and the 
water-twift are, that the mule produces much finer articles 
than are attempted on the water-frame, at the fame time it 
makes a fofter thread. As it requires much lefs power to 
work it than the water-frame, the manufadurer fpins 
every thing in the mule which will admit of it ; but it will 
only produce the foft kinds of thread. The mule will fpin 
all numbers, from the loweft to 1 co or 1 70 banks per Ih. 
The trade of Manchefter is chiefly mule fpinning, whflft 
the water-twift is moftly fpun in the country by water-mills, 
becaufe the great power it requires is too expenfive for 
fteam-engines, at lead the water-mills liave the advantage, 
beii^ ufually in fituations where they have their power at 
a leia expence than thofe turned by ftcam-engines. 

Stocking yam is fpun fofter than twift, and two threads are 
afterwarda doubled together in the doubling machine, and 
then (lightly twitted round each other in the twitting ma-^ 



MANUFACTURE 


379 


chine* Sometimes one of the threads is dyed blacki or blue, tliem» previoully to being Ueachedf are fired or drefledf by 
before the twifting, and then it produces a fpeckled thread, being drawn, and that not very quickly, over red4iot cylin- 
which is called one*thread white* This yarn is chiefly ufed in ders of iron, by which the fiiperfluous nap is burnt off* To 
the ftocking*frame ; it is fpun in all numbers, from lo hanks fee fuch an operation performed upon fo combuftibje a Tub- 
in the pound up to 6o* The threads of ftocking yam are fiance, naturallyjfiUs a firanger with the utmoft concern and 
but flightlv twifted, fo that its compofitton of two threads aftonifliment* Theyarethen wafhedina wheel withf^piuid 


is always mftinAly vifible. 

Sewmg cottan is made either from twift or cotton yam 
doubled, and twifted very hard together by pafiing it a 
fecond time through the fpinning frame, fo as to form a 
ftrong thread, which may be compared to a fmall rope, 
as the two threads make one very compaft and defined 
thread. 

MetuSng cottm is the fame as fewing, but of lefs twift : 
indeed the diftindion is trifling. 

Knitting cotton is twifted with two or three threads, but not 
fo hard twifted as fewing cotton, though it is harder than 
mending* This cotton is frequently bleached after it is 
twifted. 

CandUnvkk cotton is a very loofe coarfe thread, made from 
the cheapeft and moft inferior kind of cotton : being only 
intended for the wick of candles, no great care is uTed in 
the manufaduring. A great deal of candlewick is made 


water, and having been well fcoured with an alkaline lix- 
ivium, are dipped in theoxymnated muriatic acid, diluted to 
its proper ftrength. Them preparations are repecLted al- 
ternately, till the goods have attained the requiute white- 
nefs ; and between each dipping th^ are laid out upon the 
ground, and expofed to the a£tion of the fun and air* When 
completely bleached, they are either fmoothed upon long 
tables with fmoothing irons, or calendered $ that is, ftretcheo 
and preffed between a courfe of rollers, by which they ac- 
quire a fine glofs. Calicoes are printed exadly in the fame 
way as the kerfeymerei in YoriL(hire, but the works are 
ufually upon a much larger fcale* See Printing* 
Thicklets, corduroys, velveteens, flee, are cut upon long 
tables, with a knife of a conftru^ion fomewhat like the 
fling of a wafp, terminating in a very fharp point, defended 
on each fide by a fort of (heath. Tnis pouit is introduced 
under the upper courfe of threads which are intended to be 


from tow which is bleached, and makes an article fomething cut, and with gpreat eafe carried forward the whole length of 
like the cotton in appearance, but by no means equal to it the table. 


in quality. This is Known by the cant term of bumf, and 
many large mills arc employed in fpinning it. The cotton 
candlewick is known by the name of Turkey ^ which is ma^ 
from Smyrna or other cheap inferior kinds of cotton. It is 
fpun generally about io4 to ii hanks ^r Ib.^ and fent off 
to market wound up in large balls. Oxford candlewick is 
made from inferior cotton, about feVen hanks to the pound* 
Wilt (hire candlewick is made from wafte cotton, about 
No. 7* Thefc articles arc fpun without the care requifite 
for yam or twift ; they are ufually fpun by mules, and in 
fome mills for coarfe goods they do not take the trouble 
to form them into rovings at all, but fpin the candlewick 
at once from the flivera, as prepared by the drawiiqf*fhune* 
To purfue tbe progrefs of the cotton after kong fpun 
into twift, we muft remove from the cotton-mill |o tm cot- 
tage of the weaver* Here, the warp being filed the 
loom, or, in the language of the weaver, warped, it M divided 
to givepaffage to the weft in the (buttle, eith^bytwo, 
three, or more treadles : or if the pattern or cowrie of 
changes in the order of railing and deprelfing the threads of 
the warp be various, fo that the weaver could not manage 


The rapid increafe of the cotton trade appMrs to have 
been owing, in a great meafure, to the more liberri intro* 
du^ion of machinery into every part of it, than into any 
other of our ftaple manufaftures. The utility and pohey 
of employing machines to (horten labour, have been a fnb- 
jed which hu exercifed the pens of many ingenious writers, 
while their introdudion into almoft every branch of manu- 
fadure has been attended in the outfet with much riot and 
diforder. They are undoubtedly wonderful produdions of 
human genius, the progreifive exertions of which neither 
can nor ought to be flopped ; they enable a manufiidurer to 
producf a Better article than can be made by the hand, in 
confequence of the uniformity and certainty of their ope- 
rations, and at a much lower price, in conl^uence of the 
vaft quantities of goods they are capable of performing* 
They thus fupport the credit of our manufadures abrosid, 
and enable us under the vaft load of taxes^ and confequent 
increafe in the price of every neceflary of life, to meet our 
foreign competitors with advantage at market. They can 
even allqw die goods to fumilh in their paffage a confid^ble 
revenue to government* And altbougn they do, undoubt- 



head they are difpofed in two rows by tbe fides and betmn 
two looms. Thcfe looms are, therefore, called drawHiws* 
Thefe boys will (hoitly be fet afide for machinery, wtach is 
rapidly introducing a fubftitute* For the formation of 
fpriirs, fltc* of various colours, there are often as many mut- 
• n,%tinVM»r of little fwivel looms, lucb as 


aftonifliingly multiplying the abiolute quantity of employ- 
ment. If they have taken away work from carders and 
fpinners, they have returned it them back tenfold, u 
winders, warpers, weavers, dreffers, dyers, bleacbert, print- 
ers, flee. 

It is this machinery which we have now to explain* An 


iofft >ppnr to be tvro diftintl cioti», «eo mu ^ 
by dltS^ which fp* through both clrtH rad m feme cafe*, of «««< 
a/ in tbm i» a feuttle which throw* in a quan. the moft „ - - 
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of individuals arc to one common obje^ and whm 

is of fuch iinportaiice (l^m the fire* 


uSngTmS ” arfer weft than the other ; the coarfer of ^^ry for accompKlhi^t in ^tter or c^per manner. 
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^SenShe good* are thi* i* douhtkf* a reafon of Urn great perfcaion of their art. 
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at they have made trials of new ideas, without thofe years 
of rd0e6tion which men in other trades require before they 
will venture to embark in any new improvement, though 
ever fo promifing and favourable in appearance. 

Our readers^ who are unacquainted with the fubjedl, will 
now by this /ketch have obtained fuch a general idea of the 
cotton manufadure, as wili enable them to comprehend the 
technical terms which are neceiTary to be ufed in the fubfe- 
quent explanation of the machinery, and thofe references 
which mu ft fometimes be made from one procefs to another. 
A large cotton mill is generally a building of five or fix 
ftories high : the two bweft are ufually for the fpinning 
frames, it they are for water twift, becaufe of the great 
weight and vibration caufed by thefe machines. The third 
and fourth floors contain the carding, drawing, and roving 
machines. * The fifth ftory is appropriated to the reeling, 
doubling, twilling, and other operations performed on the 
finiihed thread. The fixth, which is ufually in the roof, is 
for the batting machine, or opening machine, and for the 
cotton pickers, who for a large mul arc very numerous. 
This latk is not always fo occupied, many manufa6turers 
thinking it better to nave out«building8 for thefe parts of 
the procefs, and only to have fuch parts in the mill as re- 
quire the aid of the lar^e water-wheel, or fteam«en^nc, 
which turns the whole mill. If the mule is ufed for Ipin- 
ning inftead of the water frame, then the cards are ufually 
put below, becaufe they are then the heavieft and moft 
powerful machinery. 

The firil machine we (hall deferibe is the Batting machine. 
Plate ll. Cotton ManufaSure^ Jig. i, is an elevation Tide- 
way s, and jfig, 2. an elevation endways, the frame being in 
lK»th delcribed by dotted lines, that it may not obfeure the 
m^chanifm ; figs. 3, 4, and 5, are detached parts of the 
machine. The moving power is communicated by the mill 
to an horizontal axis, on which the fly-wheel, C» is fixed, 
to regulate the motion. On this axis four cranks are 
formed, as fhewn at i, f, 1, i, making equal or right angles 
with each other ; and connedling rods, s, h, being extended 
from thefe cranks to the lower ends of the levers gf g, 
which are moveable on the centres f, caufe them to vibrate 
alternately when the cranks are turned. There are four of 
thefe levers (ituated on each fide of the machine, all the four 
on each fide having one common centre at f. Each crank on 
the main fpindle has two conne6ting rods upon it, to aflu- 
ate two different levers ; but which wing fituated on oppo- 
fite fides of the machine, of courfe receive their motion al- 
ternately : at the upper 'ends, Ct of the levers, which, as 
the figure (hews, are much longer than the lower ends, that 
is, the centre of motion, is placed confiderably beneath 
the middle of the levers. At the upper ends, a, e, of the 
levers joints are formed, by which they are conne 61 ed with 
rods, X X th«.fe perform the batting, by ilriking in the man- 
ner we (hall deferibe upon the platform A, where the cot- 
ton is fpread. This platform is formed of a long cord, 
which is repeatedly paffed over two rollers, one of which is 
(hewn at m, and the other is at the oppofite end of the ma- 
chine; the cord pafltng round from one of thefe to the 
other twenty or thirty times, and having all the turns 
made parallel to each other, at about an inch afunder, it 
forms an horizontal platfohn for the fupport of the cot- 
ton ; but to fill up the snterftices between thefe ropes 
another ftationary fet is placed. Thefe m ftrained between 
two fixed beams of the firame, as (hewn in gg. 4, which is a 
plan (and a fe&ion is fituated immediately woeath it^ ) The 
roller 1, is kept in continual r^ation by a train of 
toothed wheels, marlm kikh /, which communicate the 
motion by a pinion on the mam axis from one to another. 


MANUFACTURE 

and laftly to the roller by means of a contrate wheel /, iti 
which a pinion ads. By thefe means the endlcfs rope, which 
extends from one roller to the other, and forms one-half 
of the platform for the cotton, is in coiiftant motion, and 
the cotton which is laid upon it at one end traverfes (lowly 
to the other, receiving in its paffage the blows of the rods 
X, which ilrike upon it alternaiely. Their adkm is produced 
in this manner ; the levers, g^ g^ are forked at the upper 
ends, as (hewn in Jig, fo as to afford a fufficient length 
of bearing for a (hort axis gi 4, on which the rod x moves. 
The fmall dotted circle 3, in this figure, reprefeuts the 
place where the rod unites with the axis, or rather where 
a fmall iron tube proceeds from the axis ; and in the end of 
this the wooden rod, Xf is inferted, and held fall by means 
of a ferew clamp, or hoop, furrounding the end of the tube, 
and comprefiing it upon the rod, one fide of the tube being 
fplit down to admit of this compreffion. Upon the fame 
axis as the rod x a'^e fixed two ftiiall pullies 1,2, to each 6f 
which a ilrap is attached, and, after making a turn round their 
refpedive pullies, thefe are conduced away to a fixed part 
of the framing, in the manner (hewn in^. i . Thefe (Irapi 
are of fuch a length, as to hang loofe during a greater part 
of the time ; but when, by the motion of the top of the 
levers g^g. Jig, 1, they come to their tcnfion, they operate 
upon the pulhes 1 or 2, Jg. and turn them half round 
with their axis, at the fame time turning over the rods 
x% X, I’his motion is more clearly explained by^. 3, which 
will, at the firft view, be feen to be only a detached fe^lion 
of the parts already defchbed in Jig, i. A reprefenta 
one of the vertical levers {gyjg» 1.), and F its centre of 
motion, upon which it traverfes from the pofition A, to 
that reprefented by the dotted lines B, by the adlion of 
the crank rod joined to the lower end of it, as before dc- 
feribed ; therewre the two politions. A, B, are to be con- 
fidered as the extremes of its movement. E reprefents the 
pullies which are fixed on the axis of the batting rod the 
two appearing as one in this view. One of the ftraps of 
thefe pullies is faftened by one end at n to a fixed part of 
the frame, and the other end is made fail to the pulley at o. 
The other ftrap has one of its ends faftened to the pulley at 
while the oppofite end is attached at i to a lever i m, 
whofe centre, G, is ftationary. The lower end, w, of the lever 
has a ftrap attached to it, which proceeds to the lever A, 
and is made fall thereto at /. The operation of this con- 
ftrudlion may be thus explained; in the pofition B, the 
ftrap, #/, (anfwering to ik in the other pofition) hangs 
(lack, as in the figure, while the other ftrap, ri?, has come 
to its tenfion, and has turned over the batting rod to the 
pofition g. Now, fuppofe by the adion of the crank rod 
the lever is moved towards the pofition A, it proceeds for 
fome diftance with the rod remaining horizontal, and 
merely drawing along endways ; but when it is advanced 
rather more than half way, the ftraps, Im and i come to 
their tenfion : the former pulls the lower end, m, of the lever, 
m If after it, and, of courfe, the upper end, /, at the fame time 
moving in an oppofite diredion, draws the ftrap, 1 i, with it, 
turning the pulley E, and the batting rod attached to it, over 
into the pofition fi, and ftriking on the cotton fpread on the 
platform. This motion is per^rmed aimed inllantaueouily, 
becaufe, the ftrap i k being drawm in one diredion, whild 
the centre of the pulley it is fadened to moves in au op- 
pofite direction, thefe motions caufe the pulley E> and the 
bitting rod which is attached to it, to turn over with a 
double velocity, to what it would have had if fimply ac- 
tuated by the motion of the lever A ; fo that this rapid 
motion caufei the batting rod to drike with an exceedingly 
fmart ftroke upon the cotton laid upon the platform. In 
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Ktarning back again to the pofition B* which the crank 
caufes it to do very (hortly after having made the ftroke, 
it proceeds, as before mentioned, to beyond tlie half way, 
with the ftraps hanging (lack and having no adiion ; but 
when it lias paffed rather more than half way, the ftrap, n h 
becomes tight, and turns the pulley over, bringing the 
batting rod to the poiition g, ready to make another ftroke ; 
but in turning it over to this jpofition, the rod does not 
move with fuch velocity as to ftrike a blow upon the cufbion 
fig- I, which is plac^ to receive it, becaufe the ftrap, ^n, 
is nxed to a ftationa^ point i», inftead of having a motion 
in the oppoftte direaion to the lever, as the other ftrap / i, 
which caufed the ftroke upon the cotton. In^. i. the frame 
is marked B, and o, e, reprefent the levers i, C, m^Jig, 3. The 
lever g. Jig- z, which is nearly in a vertical poiition, appears 
to have two of the rods x proceeding from it in oppofite 
direditons. This appearance is occafioned by there being two 
levers in that pofition exaftly behind each other, though they 
are moving in oppofite direAions, therefore one of the rods, 
jc, remains upon the cotton at A : the other, which belongs 
to the lever concealed behind, is reprefented as juft rifing 
from the cufhion d. Fig- 2. is an edge view of the machine, 
where A reprefents the ftrap which communicates motion 
to the machine by means of two pullies, called the live and 
dead pulley, from the circumftance of one pulley being fitted 
loofe, fo as to flip round freely upon the axis, whilft the 
other pulley is fixed faft upon the axis : therefore, when 
the endlefs ftrap is fliifted upon the loofe or dead pulley, 
it flips round without communicating any motion to the 
machine j but when it is fliifted on the other pulley, the 
machine immediately commences its motion. E reprefents 
the fly-wheel on the oppofite end of the axis, and B,B,B,B, 
are the four cranks which adluate the levers C, C, C, C : 
f is one of the rollers on which the endlefs cord or plat- 
form, D, is wound, and it extends from this to a fimilar 
roller on which a wheel, g^ is fixed $ then returning again to 
the roller,/, and after having made in this manner more than 
twenty turns round the two rollers, the ends m ftrained 
tight and fpliced together, fo that it appears ^ke^. 4, 
forming a platforn on which the cotton lies, aou is re- 
gularly carried from / to ^ by the motion gbrtn to the 
roller / through the cog-wheel r, and the otner titin of 
wheel-work which communicates with the main axis, as be- 
fore deferibed. At the fides of the platform two boitds are 
fixed which form a trough, and prevent the co^oi get- 
ting off fideways. The batting rods ftrike down through 
openings or notches d, d^ </, d^ cut in tbefe boaids* The 
dotted lines reprefent other notches to admit tht batting 
rods on the oppofite fide of the machine, which, •« this 
figure (hews, are not precifely oppofite, but the rods on one 
fide ftrike in the interval between thofc of the others. 
The cotton, after paffmg along with the moving cords 
through the machine, is thrown off, and falls upon a table 
if jig, 2, which is covered with an endlefs canvas cloth, and is 
ftrained over two rollers hf i> which are kept in conftant 
motion by an endlefs band palEng round the wheels h andg^. 
By this motion of the cloth the cotton is conveyed away 
as faft as the batting machine finifties it, and is taken off 
this table by women, who difeharge it into bafkets, in which 
it is conveyed to the picking room. 

The opening Maemef or Dm/.— -This machine comes 
next to be deferibed, being ufed for fimilar purpofes as the 
batting.machine, though it is not to be conudered as one of 
the fame feries, being ufed for the coarfer fort of cotton 
in the fame lUge as flie batting engine is iifipd for the finer 
forts. Plate lii- contains drawings of one of thefe ma- 
chines, in which I. is a plan, and^. a. a feftion* In 
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either of tbefe A A reprefents a cylinder, put ia rapid 
motion by an endlefs band paffing round the pulley R» 
This cylinder has a great number of teeth fixed into its 
periphery, and the hood or arch, £ E £ £, contains a 
let of fimilar teeth or fpikes fixed withinfide it. This 
cafing confifts of a number of parallel bars or lags, one of 
which is fhewn in perfpe^ive in Jig, 5 : thefe are fupported 
by an iron femicircle B B, >&. %f auo ereded on each fide 

P P, projefting from it, and every lag has a notch, or cleft, 
cut at each end, by which they are hung on thefe pins, 
forming a very fimple manner or fixing the lags i but they 
can be eafily i-cmoved when required, to aear the ma- 
chine from the flue and impurities which it gets out of 
the cotton. In front of &e cylinder a pair of feeling 
rollers, J, df are fixed, through which the cotton paffes to 
the machine: thefe rollers are fluted and placed immediately 
above each other, as (hewn in Jig. 2 ; then a heavy weight 
L, being fufpended from the pivots of the upper rolkr, 
caufes them to prefs together with a fufficient force to 
draw cotton in between them, and the flutes or indentations 
of the two rollers mutually locking into each other, they 
take the cotton more certainly. 1 ne lower roller is turned 
round by means of a bcvilled wheel /, Jig, i, fixed on its 
fpindle, which receives its motion from a fimilar bevilled 
wheel i, fixed on the extreme end of a fpindle I, fixed 
perpendicularly to the axis of the main cylinder, and receiving 
Its motion therefrom by a wheel hf which is turned by an 
endlefs ferew gf cut upon the extremity of the fpindue of 
thereat cylinder. 

The cotton is fpread upon an endlefs revolving cloth, 
which is ftrained oetween two rollers, sr, hf and is in 
conftant motion, in the direftion of the arrow in Jig- a. 
This motion is communicated to the roller, a, by means 
of equal cog-wheels d» df which are conneded by an interme- 
diate tooth^ wheel, as (hewn in Jig. 2 ; M S is a grating, 
or frame of brafs wire ((hewn feparate in 4.) which is 
extended beneath the cylinder, and againlt this the cotton 
is urged by the a£lion of the teeth of the cylinder, and 
the dirt, duft, and flue, efcape through it. It (hould be 
obferved, that the frame for the machine is clofely boarded 
up on all Tides, to keep in the duft and flue which is fepa* 
rated from the cotton. Fig- 5. (hews the form of one of the 
lags, and the manner in which the teeth are difpofed in it, 
fo that the teeth in the feveral rows fall oppofite the fpaces 
between the teeth of the others : at 1 is a imall flip of iheet 
iron, which ftands up perpendicular to the face of the kg 
like the fpikes, and is fupported by a kind of wedge, or 
prop of wood, as feen in the fe^ion of the machine, Jig- a* 
Thefe flips of iron run acrofs the whole length : the teeth 
on the cylinder are difpofed in a fimilar manner, and are 
provided with a fimilar iron plate. Their ufe is to retain the 
cotton which is worked in the machine from paffing 
through too quickly, and cfcaping without being fuificiently 
worked by the teeth. The cotton is fpread evenly upon the 
cloth h df which being in conftant motion towaras the 
cylinder, carries the cotton along upon it, and delivers it 
between the two rollers df d : thefe give it regularly to the 
cylinder, which is rapidly revolving in the direditon of the 
arrow near A : its teeth take the cotton, and carry it round 
between the cylinder and the hood, working it between 
them, to open and unravel every knot or tiut of cotton, 
part of which gets formed by the aftion of the cylinder 
into a fmall roll at every one df the iron pUtes ^ and this 
roll, by the motion of the cylinder, keeps revolving flowly 
round, fo that every part of its circumference is fuc- 
ceffively fubjeded to the aftion of the teeth of the cylinder 
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as they pafs by them* The plates upon the cylinder in a 
(imtlar manner, and when the cotton is thrown out finilhed 
at M, upon the floor immediately beneath the feet cloth, 
it has been opened in every part, fo as to completely dtt 
entangle it, and the dull, cotton feeds, or any other ex* 
traneous matter, drops out through the wire grating, 5 M, 
upon the floor. 

The opening machines ufcd in fomc of the mo ft improved 
mills, are provided with two cylinders revolving againft 
each other, fo that they refcmble two of thcfe machines 
put together, by which means the cotton is more completely 
worked in pafling through them* The cylinders have then 
none of the plates fixed upon them, becaufe tliey are un- 
neceftary, and the fpikes or teeth arc arranged in a fpiral 
line round the circumference of each cylinder, fo that they 
do not in their motion fall behind each other, and therefore 
work and open the cotton more effedually. Another great 
improvement in this double cylinder machine, is the addi- 
tion of a flue or trunk, which proceeds horizontally from 
the opening or mouth M, where the cotton is delivered, for 
a confiderable diftance, and in the bottom of this is a re- 
volving cloth, which receives the cotton as it is tlirown out, 
and conveys it away to the end of the room containing the 
machine. Here it falls out into a bafleet, in which it is con- 
veyed away to the picking room. The flue or trunk at this 
point rifes up, and leads into a chamber of confiderable 
fixe, and from this returns by a fmall trunk to the back of 
the machine. The operation of this trunk is, that the wind 
raifed by the rapid motion of the cylinders proceeds along 
this narrow trunk with a confiderable velocity, and blowing 
along over the furfacc of the cotton, which is traverfing 
flowly along with the cndlefs cloth in the bottom of the 
trunk, it carries away the flue or fmali cotton with the ftream 
into the large chamber above-mentioned. Here, in confe- 
quence of the large area which the air has to pafs through, 
the current is very flow, and the flue fubfides quietly on the 
floor of it, from which it may be taken up in confiderable 
quantities every week, and is a valuable article for making 
candlewick, or to mix with inferior cottons for that pur- 
pofe ; whereas, if fuffered to fly about in the rooms, as in the 
machine delineated, it docs great injury to the work 
people, for this flue is taken into the lungs by the refpira- 
tion, caufing afthma, and pulmonary complaints : but in the 
improved machine, this flue is preferved for ufeful purpofes. 

The next machine, in the order of the cotton manufadlure, 
is the Carding machine. This is (hewn in Plate IV., where 
Jig, 1. is a 2. a feftion,^. y an elevation, and 

Jig, /u various parts to explain the adion of this machine. 
It vml not be amifs firft to give a Ihort idea of the nature of the 
operation to be performed by the machine. The card may be 
compared to a bruih made with wires in Read of hairs, ftuck 
through a (heet of leather ; the wires not being perpendicular 
to the plane, but all inclined one way in a certain angle. See 
Jig, 4. of this plate, where D, C, are thefe fheets of leather 
for a pair of cards, and A, A, or B, B, reprefent the teeth or 
card-wires refpeAively belonging to each. Beneath is a view 
of one wire, infulated, (hewing t& two teeth, with their bend 
in the (hank, or what is called knee-bend, by which they are 
inclined to the leather in the manner before mentioned. Now 
we may conceive that, cotton being ftuck upon the teeth of 
one of thefe cards, another may be applied to it, and combed 
or feraped in fuch a direction as to ftrike the cotton inwards 
upon the teeth, rather than tend to draw it out. The con- 
fi^uence of a repetitioii of the ftrokes of the empty card, 
in this dire£kion upon the full one, is a more equable diftribu- 
tbn of the cotton upon the furface of the card-teeth ; and 
an doing this, the fibrn wtt combed and hid ftraight. Then 
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if one card be drawn in an oppofite dire£lion over the other, 
it will, in confequence of the inclination of its wires, take 
the whole of the cotton out of the card, whofe inclination 
is the contrary way. In this mode, the operation was for- 
merly conduced by (beets of cards nailed upon boards, 
which were worked together by hand. To explain how the 
carding machine imitates this procefs, we muft return to the 
figures, in which A A is a large cylinder, tunied rapidly 
round by an endlefs (trap on the pulley R, The furface of 
the cylinder is covered with cards, the (heets of leather for 
which are glued or nailed on in (Iripes or (heets parallel with 
its axis, and difpofed in fuch a direftion, that when it re- 
volves in the direftion of the arrow, the teeth upon it go 
with their points forward, fo that if a lock of cotton was 
held againft them, it would be drawn inwards upon the teeth. 
The cylinder revolves under an arch C C, lined with the fame 
kinds of cards as fhewn in Jig, 2 ; the teeth difpofed to meet 
thofc of the cylinder. This arch of cards is fiipported on 
two iron arches, fixed on each fide of the cylinder. Thefe 
iron arches or bridges have fpikes on them, on which the fe- 
veral pieces, lags, qr flats which compofe the arch are fafiened ; 
cxadlly the fame as deferibed in Plate III. of the opening 
machine. 

One of the iron arches is (hewn at E E, in Jir, 2, but is 
not drawn off its full breadth, becaufe it would have cen- 
cealed the furface of the cylinder from the fight ; but in Jig, 1, 
they are feen at C C, and in^. 3. ai f f. The card-tcetli on 
the cylinder, and thofe beneath ihe arch, do not touch each 
other, but work as clofe together that a half crown can be 
put in the fpacc between them without touching, and they 
arc made very accurately circular, that they may always ac- 
curately pre(erve the fame diftance between. 

B is a fecoiid cylinder of cards, the teeth meeting the 
firft, as the figure fliews. This cylinder revolver, much flower 
than the firft, its motion being taken from a fmall pinion, /, 
fg, I, on the end of the axis of the great cylinder, Tliis w'orks 
a wheel, fituated on a find or pin / ; which has alfo a pinion 
fixed to it, working a wheel fitted on anorlier ftud, and this 
carriesa fmall pulley v, w'hich communicates by ancndlefti (trap 
with a pulley, E, fixed on the end of the fpindle of the fmall 
cylinder. As the whole of this train of wheel-work confifts 
of fmall wheels turning large ones, it is plain the motion of 
the cylinder, B, muft be very flow. On the oppofite end of 
its axis is a bcvilled wheel W, working another upon the 
end of an axis which has, at its oppofite exlrcniiry, a 
pinion, turning a face or contrate wheel 1, which is on the 
axis of the fluted feeding rollers between v. Iiich the cotton 
paffes, and is delivered to the cylinder. The cotton is, as 
was before deferibed of the opening machine, fpread out upon 
a feeding cloth D, which traverfes conftantly round two 
rallersi and / /, one of which is turned by a pinion from the 
feeding rollers by means of an intermediate wheel at k, A 
fmall heavy roller, or cylindrical w-eight, is put upon the cloth 
beneath, as (hewn at /, Jig, 2, and, by its weight, always 
keeps the cloth to its proper tenfion, preferring a flat furface 
above, for the cotton to be fpread out upon, and t^n ad- 
vancing with the cloth, it is thrown in ^tween the fluted 
feeding rollers, which deliver it gradually and equably to the 
cylinder, which carries it round, and works it againft the 
cards fixed within fide the arch. In this procefs it becomes 
very equably diftributed over the teeth in the cylinder, and 
rets carded in fo doing. The cotton continues in this manner 
hanging fometimes in the teeth of the cylinder, aid fome- 
times in thofe of the arch, but advancing (lowly from one 
tooth to the next, till it has paffed clear througn the arch, 
and then it comes to the fmall cylinJcr B, which, as before- 
mentioned, is revolving flowly, in fuch a diredtion that its 
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Surface moves the Isme way as the cylinder* but much flower^ 
and its teeth meet the teeth of the cylinder. Now^ as be* 
fore dated* it is the property of two' cards meeting each 
other to difhibute the cotton between them ; therefore* the 
teeth of the cylinder B* having no cotton upon them, receive 
a full half of what is upon the teeth of the cylinder A, and 
as it conftantty turns round, and bringing up frefh empty 
teeth, which m their turn uke away the cotton from the 

f reat cylinder in acondant dream, and would foon empty it, 
ut that it is fupplted again with raw cotton from the feed* 
ing roller. The cotton taken up by the cylinder B, pro- 
ceeds with it beneath, till it comes to the oppofite fide, and 
then it is removed by the taker This is a rod or iron bar 
g g, iituated parallel to the axis of the cylinder, and cut on 
the lower edge with fine teeth like a comb. It rifes and falls 
parallel to itielf, by being united to two rods, K, which are ’ 
guided by Aiding througn fmall holes made in two ftandards 
Aiewn in fg, 2, and the lower ends of thefe rods arc jointed to 
two cranks e, r, Jig. formed on a fpindle, which is turn- 
ed by a pulley with an endlefs ftrap from a pulley, S, 
fixed on the main axis, clofc behind the great pulley R. 
Now by the motion of thefe cranks, the rod g rifes and falls, 
and at the fame time moves a little to and from the furface 
of the cylinder B : indeed it deferibes a kind of cllipfis, and 
being fo contrived by the direftion of the motion of the 
cranks (caufed by croffmg the ftrap which works them), that 
it is defeending at the time when its edge is neareft to the cy- 
linder, and ferapes downwards againft, or rather between the 
teeth thereof, and in confcquence removes the cotton from 
them the whole length of the cylinder at once : and the mo- 
tion of the crank is fo quick, that by the time this piece of 
cotton, fo detached from the teeth of the great cylinder, has 
moved round with the cylinder, B, as much as its own breadth, 
the crank makes another ftroke, and, in confequcnce, the fe- 
cond piece detached from the teeth adheres to the firll s the 
third adheres to the (econd, and fo on. The cotton is thus 
flrippedoT (kinned off the cylinder, B, m a continued and con- 
neacd fleece. The difpofal of this fleece conftitutss the only 
difference between the breaking and finilhing card# In the 
former it is -received upon a plain cylinder, about half the 
fize of the great cylinder A A, which is turned round with 
a proper velocity by an endlefs cord from a pulley on the 
axis of the cylinder B, a fmall roller refting lighdy upon 
the top of this cylinder with its own weight, and JjJT its 
preffure caufes the fleece to lap regularly upon the oyllfider, 
which continues to turn until it has made 15 or lO^rnvolu- 
tions. The fleece, being then broken off, forms a fmau 
coniifting of i? or 20 thickneffes, called the lap, which is 
carried to the finifhing card, and treated exadly as the raw 
cotton was at firft. The advantage of this method of trwting 
the cotton has been explained, in a preceding this 

article, to confift in the great equality thus produce in the 
thicknefs of the lap, which being fed to the hmftimg card 
will produce an equable and regular fliver therefrom, and 
on this circumttancc the pcrfe6tion of the ultimate thread 

.kid, u m «« IV. 
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upon a fpindle extending acrofs die fimne, and turned iwund 
by a puUey upon the m of it» which is connedied by an 
endleis band with the pulley E, upon the fpindle of the cy- 
linder B. By thefe means the cotton is sauced from tbc 
wool to a fine regular and even fliver, which ieconveyed away 
in the tin can to the drawing frame, which we mall foon 
deferibe# 

The carding engines in many mills are proyided with fmall 
cylinders, known among the workmen by the technical term 
of urchins. Thefe are covered with cards, and revolve, fo that 
their teeth a^ with the teeth of the great cylinder, through 
proper openings left between the top lags of the arch# 
Thefe fmall cylinders are turned round Aowly by proper 
bands and puUies from the main axis. Thefe urchins are 
fituated in pairs, one of which operates to take the cotton 
• off the great cylinder, in the fame manner as deferibed of 
the cylinder B ; but inftead of being provided with a taker 
ofi^, to ftrip the cotton from its furface, it runs clofe to the 
other urchin, of fimilar dimenfions to itfelf, but turning with 
a different velocity, and the teeth meeting, fo as to take it 
off the firft urchin. This fecond urchin, having thus become 
charged with cotton, delivers it again to the great cylinder. 
The object of this contrivance is to obtain a more perfedly 
equal diftribution of- the cotton upon the furface ot the cy- 
linder, at the fame time the urchins tend, by giving the cotton 
to the cylinder in a new diredrion, to work it more, as they 
prevent the cotton pailing fo quickly through the machine. 
The employment of urchins docs not feem to afford any very 
great advantages, and it is not a very general fyftem. When 
an urchin is applied to the lower part of the cylinder, imme- 
diately beneath the feeding roller, it is called a tummer t in 
this cafe it takes the cotton from the feed rolls, and gives 
it to the great cylinder as it revolves. The great cylmder 
of a carding engine, as well as any other part where the 
flue can efcape, fhould be carefully inclofed by a tin plate, 
or thin boarding, to prevent its efcape into the room, where 
it does great injury to the work people, producing an irri- 
tating and inceflant coiigk, which is exceedingly hurtful, as 
well as the pernicious enms of fuch extraneous matter bring 
received into the lungs. Carding engines have been ufed 
with two great (flinders, furroun£d by a multitude of fmall 
urchins, in the fame manner as thofe ufed for wool, f See 
WoojLLBN ManufaQure.) Thefe, having two, cylinoeri^ 
card the cotton fufficiently at one operation, without 
11 ling a breaking card. The method is not near fo per- 
fed, becaufe the equality and regularity of the fliver, pro- 
duced by doubling the lap of the breaker 15 or 20 times* 
cannot fo completely attained by any other means, but 
leaves this equalization to be performed iu the drawing 
frame. The double card, however, anfwers very wril for 
coarfe goods, and faves a great ded of attendance in con* 
veying the lap of the breaking card to the feeding cloth of 
the finilher. Since the time that the drawing for Phae IV# 
was made, the cotton manufadurers have almoft univerfidly 
adopted what were at that time only partially employed, tun. 
caft iron frames for the carding machines, and iron circles 
for the cylinders, which are covered with lags of the beft 

- ' • * — j 1— n 1UU#. »N#«..k 


Under, as we have' deferibed, is gatherea up inio » .... 
marked m in ig. I9 and / in/g. * : »t then paffes towm 
a p«ir of »oll«8 m «, which comprefc and flatten in 

its contraAed ftate into a pretty ^ wd 
or band, and deliver it into a can n. Thefe rollers are fltuated 


will fometimes do in wooden frames, and thus deftioy the 
card teeth very foon, as well as produce lefs perfisft work# 
The fame remark applies to all the other cotton machines, and^ 
in point ^ of expence,, caft iron is far cheaper than wood 
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wlien a number of the fame part are to be madcy fo that they 
can all be caft from the fame pattern : in point of ftabUitv 
and duration no comparifon can be made ; and when the mill 
it built fire proof, the fafety from fire is not a trifling ad- 
vantage, as it faves the manufiiAurer the heavy expence of 
infurance, or, what of courfe is nearly equal, the rilk of 
lofing his property by fire* 

Tte dramng frmne comes next to be deferibed. Plate V. 
Jig. t. It an elevation of the machine, and/^. 2. is a 
plan of what is called a drawing frame of four heads, which 
M, in faft, a fyftcm compofed of four difiin6t machines of 
cxa£Uy the fame conftru^^ion, but arranKd on one frame, 
in the molt convenient pofition to be ufed iuccelfively • 3. 

is a front view of one of the heads or feparate machines drawn 
detached ; and Jig. 4. is a fedtion anfwering to it. In Jig. i. 
A reprefents a clultcr, confiiting of four of the cans brought 
from the carding machine : the four divers from thefe are 
pafled through the rollers of the machine, and united into 
one diver, which is received in the can C, the machine having 
drawn it out, and extended it to four times the length of 
others 1 it is therefore the fame fize as any one of them* 
The conftruAion of the rollers is explained by fig. 3, and 
alfo the figure at the left hand end of Jig. 2, in which a h re- 
prefents a live and dead pulley, upon the fpindle of the 
principal, or front roller, by which it receives its motion from 
an endlcfs ftrap. This roller is (hewn, in Jigs. 2. and 3, to be 
double, that is, it has two lengths or afting rollers upon it, each 
of which receives two diftindil divers from the cans 11,1 lyjig. 2. 
In/^*4* thefe twolengths of rollersappear like one, being be- 
hind each other, and exhibiting the circle marked a, the other 
circle deferibed within this being the neck between the two 
lengths. This roller has another, marked b, placed diredly 
over^it, the pivots of which are retained in a vertical notch 
in the frame, and immediately above the pivots for the lower 
roller, as is (hewn in Jig. i ; fo that the whole weight of 
the upper roller refts upon the furface of the lower one, 
the bearings or notches in which its pivots are received 
Mng only to guide, not fupport it. Another pair of fimilar 
rollers, c d% are fituated at a fmall diftance from the former, 
and receive their motion by pinions r, d, Jigs. 2 and 3, which 
are fixed on the pivots ot each refpc^tively, and are con- 
ne&ed by an intermediate wheel, r, fitted loofely on a dud, 
in the manner very plainly (hewn in i, which alfo ex- 
prelTes the grooves or notches in the itandards ; in thefe the 
pivots of the rollers are retained Tideways upon one another, 
but, as before mentioned, the upper one reds upon the lower 
one. A fmall crofs bar, i,Jig. 4, extends from the pivot, 
or neck, of one of the upper rollers, df to that of tne other 
one, h I and from the centre of this bar an iron rod, with a 
heavy weight, /, at the lower end of it, is fufpended by a 
hook formed at the upper end ; fo that this weight, as well 
as the weight of the upper rollers themfelves, preTs the upper 
rollers, t, upon the lower ones, u, c, and thus the (liver 
of cotton, V, which pafTcs between them, is held verv firmly 
down on tlie flutes in the furface of the lower roller, and 
cannot flip between them. The wheel c^Jigs. 2 and 3, which 
is fixed upon the pivot of the fird roller, is much fmaller in 
diameter than the wheel, 1/, upon the pivot of the back 
roller, to which it gives motion by the intermediate wheel 
#1 t^refore it follows, that the motion of the front rollers, 
0, 4, will he as much quicker than the back roller e d, 

in proportion at the wheel, si, is larger than the wheel, r, 
which givesit motion ; that it, the number of revolutions they 
will reipeAively make in any given fpace of time (as a minute 
for infiance) will bear that proportion : but the back roller, 
r, (as (hewn in Jg. 4.) is'much fmaller than the other. The 
v^city of«iU circumference will, therefore^ be flower than 
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o, in a ftill greater proportion than the proportion of the 
two wheels ; and the proportion is fuch, tnat the roller, a b, 
will, or ought to, draw four times the length of cotton 
through them which the back pair, cdf will permit to pafa 
in the (ame time. The four (livers, therefore, being 
introduced from the cans /, /, /, /, Jig, 2, between the back 
rollers r, d. Jig. 4, and preffed with fuch force upon 
the flutes of the lower roller r, that they cannot flip 
through them, and the other pair of rollers, a b, holding 
the (livers in the fame manner at another part, the con* 
fequence of their different velocities is, that as the front 
rollers, a, b% Jig. 4, move fo much quicker, they draw the 
(liver foi wards fader than the back rollers will fuffer it to 
come ; it mud be drawn out, or extended in length, between 
the two pair of rollers, in proportion to their relative velo- 
cities, which, as before-mentioned, is the fame as the pro- 
portion between the wheels r, d^Jigs, 2 and 3, communicating 
the motion from one to the other, multiplied by the propor- 
tion between the diameter of the two rollers, a and c. Jig. 4. 
The four (livers, after palling through thefe in two didinff 
pairs, are all drawn together through a tin funnel/,^. 2, by 
means of a pair of rollers, the upper one, i, of whicn merely 

{ >refle8 upon the fliver lightly by its own weight, and de- 
ivers it into the can h : the lowed of this pair of rollers 
receives its motion from the pinion, r, on the end of the 
fpindle of the main, or front rollers, by means of an inter- 
mediate wheel, fitted upon a dud or pin in the frame, and 
turning a pinion, h, fixed on the extremity of the fpindle of 
the lower of the two rollers. Thefe pair of rollers do not 
draw or extend the cotton, their velocities being accurately 
adapted to take up the four (livers as fad as they come 
through the others in two didin£l pairs, and by drawing 
them through the funnel, /, to unite the four into one, and 
the flight prelTure cf the roller comprefTcs them into a firm 
and conneded fliver, which, though compounded of four, 
is only the fame fizc as any one of the four put in, becaufe 
it is drawn out to four times the length, and the effefl of 
the machine has only been to draighten and lay the fibres 
parallel to each other; for the motion the drawing pro- 
duces among them, always tends to extend each individual 
fibre to its full length : and it is necclTary to unite feveral 
(livers together, or the drawing would reduce the fliver to 
fuch a fmall fize, that it would not bear fufficient extenficn 
without feparating and breaking acrofs. The plan, Jig, 2, 
fliews the difpofition of four didin£t heads, or fets of rollers, 
A, B, C, D, all fixed upon one iron frame, £, the upright of 
which is (hewn in^. i . D is the fird head, or that through 
which the (livers from the carding engine in the cans, 
m, m, m, m, are fird drawn and united into one, which is 
delivered into the can n. In this head fix cans, or ends, 
are (hewn entering at once, in two fets of three each, and 
arc all united into one, which will, therefore, if the rollers 
only draw four times, be rather thicker than thofc put in ; 
but the number of ends put in, as well as the draught of the 
rollers, is optional : ana as the command of the cotton- 
ipinner, who alters them for different kinds of cotton, or 
different kinds of yarn to be fpun as he finds bed, having 
the means of changing the pinions for others of different 
fizes. It is plain that the can, n, will be filled wkh the 
fliver in one-fourth or one-fixth of the time that the fbur or 
fix cans, mm, will be exhauded ; and, therefore, it will fur- 
nifli four cans, or ends, to the fecond head, r, which are 
placed at 0, and drawn into one at p. Four of thefe, when 
filled, go to y, and are drawn into one bv the head B, and 
dehvtred into r, which is taken to /, and by the head A, 
delivered finilhed into the can i, in wUcH is carried to the 
roving frame. The feveral heads, as the figure (hews, are 
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reverfed, with rerpe6i to each other, on the frame, to avoid aftuate the pullies on the bottom of the can. Tbefe bands 
the neceflity of carrying the cans round to the oppofite fide are of courfe conducted over pullies, to change their direc- 
of the frame in paffing from one head to the next. Being tions, from the vertical pullies on the fpindle of E F to the 
thus reverfed, that is, the fliver of one moving in a contrary horizontal pullies on the bottom of the cans ; but thefc are 
direftion to that next it, it requires the ftraps, which turn not fhewn in the drawings. Each of the bands drives two 
the feveral live and dead pullies, and which all come from cans, pafling round the pullies of both. The cans are made 
one common axis, on which as many drums are fixed, to be with a door, to open on one fide, for taking out the cotton- 
alternately crofTed. and put on in the common manner. rovitig, which falls into them from the rollers ; and this door 

The drawing frame in Plate W, has now (1812) been is kept doled by a ring, which iits upon the outfide of the 
drawn fome years by a gentleman at ManeheAcr, fitice can, and keeps the door fhut, w^hen pufhed down to the 
which, the cotton manufadurera have very gonerally adopted largefl part of the cone ; but when lifted up to the top, 
a metliod of ufing three, and fometimes four pairs of rollers, as ihewn near N, the door can be opened, and the contained 
in dead of only two pair in each head : by this means, they cotton taken out. L is what is called the clearer: it is a 
draw the cotton at two or three times, and, by extending piece of wood placed over the top-rollers, and prefling 
it only a fmall quantity at each, it is found to draw mucii gently upon them ; its ufe is to prevent any part of the 
more equably than by taking the whole draught at once, cotton lappings that is, adhering to the roller, and being 
The conftruftion of one of rhefe heads will be readily under- carried round with it, fo as to wind it up, inliead of drawing 
flood, by examining a figure in tlie drawing ( Plate IX.) of it through. The manner of aftion, in tnis machine, is eafily 
the fpinning-frame we fhall fhortly deferibe, which drawing gathered from the defeription ; the (livers pafs two together 
the writer of this article made from one of the fpinning-frames through the rollers, and are reduced or drawn out therein to 
in one of the moll complete cotton-mills in the kingdom, the proper degree of finenefs ; then falling into the funnels, 
The rollers ufed in this fpimung and the drawing-frame are N, of the revolving cans, they are, by the rapid motion 
fo nearly ^like, that one may be very well underllood from thereof, twilled round ; becaul'e the centrifugal force dif- 
a defeription of the other. pofes the cotton to lie round the infide of the can in a re- 

The Roving-frame * — rhe preceding machines having pre- gular coil, forming as it were a lining of cotton to the whole 
pared a fliver, of which the fibres are laid parallel, it is of the interior furface ; and by this means the end of the 
necelfary to reduce this fliver to a convenient fize for roving becomes in a meafiire attached to the can, and is 
fpinning into a fmall thread : but to make a liifficient ex- twifted round by its motion, fo as to form a coarfe loofe 
tenfion to effedt this rediidion, it is nccelTary to give the thread, with a very flight twift, and a very foft and open 
fliver a flight twill as it is drawn, that it may have fufficient fubilancc. The cans, when they have been in motion fuch 
cohcfion to undergo the fpinning. a length of time as the attendant knows, by experience, they 

The preparation of fuch rovings as (hall be perfedkly regular will be full of cotton, the ring is raifed up, and the door 
in fize, and have an equal quantity of twill in every part, opened to take out the roving, which is put into a box, 
and which (hall be exceedingly foft, is a mod eflcntial point and carried to a limple machine, called the winding-block : 
in cotton-fpinning. As it is impoflible to corredl tliefe imper- fee the figure at the right hand corner of the plate. In thii 
fe^ions in the fpinning, they will be given to the thread, figure, which is an elevation, the box, containing two piles 
A great number of different conilrudlions of roving-frame or coils of the roving, is plainly feen ; jull above it is a cy- 
have been in repute, at different periods, among cotton- linder of conliderable fize, mounted upon a proper fpindle, 
fpinners ; but it is only lately that by a machine, called the which is turned round by means of a winch ; i, are two 
doublc-fpceder, it has been brought to perfedion* The old fmall bobbins, mounted on a wire, and receiving the end of 
roving-can frame, firft introduced by fir R. Arkwright, is the roving ; they rell with their weight upon the furface of 
reprefented in Plate VI., which was drawn when that ma- the great cylinder, and are by the motion thereof turned 
chine was much more cxtenfively ufed than it is now. The rapidly round, fo as to wind up the roving very quickly on 
figure immediately beneath the title of this plate is a plan of them. The rovings are conduded through holes in a ftrip 
the roving can frame, and the figure below is a front eleva- or ruler of wood, which is moved flowiy. backwards and 
tion* in^thefe, A is a horizontal beam fup^'ted by forwards, to lay the cotton equally on all parte of the 
llandards at each end, and carrying the feveral heads of length of the bobbin, and make a cylindric figure to the 
rollers, and is therefore called the roller-beam. The ma- furtace of the cotton wound upon it. It is the neceflity for 
chine contains four heads or frames of rollers, each of which this winding of the cotton upon bobbins by a feparate pro- 
receives four ends or (livers from the cans, D, D. See alfo cefs, which is the greateft ohjedion to the roving-can frame, 
the feftion in the corner. They enter two together between becaufe the tender roving is damaged by every operation it 
the back roller r, and are drawn out between them and the undergoes, viz. removing it from the cans, and winding it 
front rollers, b, d, to the proper degree of finenefs, but upon the bobbins, which mud be done preparatory to the 
which varies with the quality of the yarn which is te be f^un. fpinning. Another objcaion to the roving-can frame is the 
The fliver, after pafling through the rollers, is received into uncertainty in che manner of twilling j becaufe, when the 
a tin can C, through a fmall funnel, N, at the mouth cotton applies itfeif to the interior furface of the can, by the 
thereof The can is lupported on a pivot at bottom, and is centrifugal force, it occdfions a ilretching or draught on the 
kept in rapid motion by a band, working on a pulley fixed roving, tending to lengthen it out before it is lufficiently 
at the bottom of the can. The neck ot the funnel, N, is twided to make any reliflance to the flighted draught, 
ffuided by a collar, to keep the can deadily upright, as it This would occafion no inconvenience, if the degree of 
revolves ^ The rollers of the machine are the fame a?* thole draught or extenhon thus occafiohed was condant, and uni* 
of the drawing-frame; thev are turned by endlefs draps formly the fame; but this is not the cafe: for it condanUy 
upon the pullies, p, of the front rollers, coming up from happens that the roving, by gradually gathering from the 
fimilar pullies on an horizontal fpindle extended beneath the circumference toward the centre of the can, in the manner 
machine through its whole length, and receiving motion by of a fpiral, and when it arrives in the centre it coincidca 
a live and dead pulley, E F, from the mill. The fame with the axis of the can, and of courfe, as no centrifugal 
fpfadle has pullies upon it, which, by means of band?, force operates to draw it out in length, it merely twifts it 
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round* In cdnfcquenee of thcfc irregularities in the adion, 
which are conftantly happening, the rovings thus produced 
ire always full of thick and thin places ; for when the cotton 
lies clofc at the infide of the can, it is confidcrably Itretched 
by the centrifugal force, and becomes thinner and longer, 
and with lefs twift in any given length ; but when it f-appens 
to fall in the centre of the can, it is of a larger fize, and of 
a more rapid twift : but the quantity of thefe irregularities 
is very uncertain, bccaofe, even when the end of the roving, 
where it refts upon the coil of it, which is fettled in the bot- 
tom of the can, is in the centre of the can, it is to be pre- 
fumed that no draught will take place ; but this is not cer- 
tain, becaufc the roving may fwing out into a belly, and by 
its vibration will occafion fome draught, though not fo great 
as in the firft inftance. For thefe reafons, the roving-cans 
are not found to produce fuch perfeft rovings as many other 
methods, and they are generally laid afide. Sir R. Ark- 
Wright faw thefe defeas at firft, and in his earlicft machine 
devifed a pair of rollers to be placed in the^ mouth of the 
funnel of the can, which were, by very ingenious me- 
chanif^m, kept in conftant motion, with fuch a velocity as 
to gather the cotton (liver regularly into the can, as faft as 
it was delivered by the drawing-rollers. By thefe means 
the (liver was held between thefe rollers, and, from their 
revolution with the can, received a determinate quantity of 
twift for every given portion of length. The difficulties of 
this were very great, to caufe the rollers, in the mouth of 
the can, to take the (liver with the exaft velocity required, 
as faft as the upper rollers delivered it ; and even when this was 
accomplifhed, the objcAions we have pointed out would in 
fome mcafure take place within thecan ; and after allthe opera- 
tion of winding the rovkigs upon the bobbins, preparatory 
for the fpinning-frame, by the winding-block, is certain to 
do them injury, ftretching and extending them improperly. 
The next improvement in roving was the ufe of Jkekton^cAns : 
thefe are light frames of iron, revolving on vertical pivots, in 
the manner of the cans tbemfelves, in Plate VI. Within 
each of thefe (keletons or frames a common tin can is 
placed, and revolves with them, receiving the rovings as we 
have above deferibed. Thefe cans, when full, are removed 
to a machine called the ftretching-frame, which gives them 
rather more twift, and extends them ftill farther in length, 
at the fame time winding them on bobbins, which are called 
cops or coppins, being bobbins with only one end, the other 
end being a point, fo that the cop in figure refembles a^r- 
kai!f or pine-apple. The. conftruaion of the ftretching- 
frame is the fame, except in its proportions, as the mule : we 
muft, therefore, defer the defeription of this method of 
roving till we have explained the mule, when we come to 
fpeak of the fpinnins procefs. Many mills, where cotton 
is fpun on the moft improved and economic fyftem, have 
adopted a method of roving altogether upon the ftretching- 
frrame, producing rovings at once from the (livers of the 
drawing-frame > and this method is found to fucceed very 
well, and be a great improvement upon the method of em- 
ploying the roving-can frame. We fliall next deferibe a 
roving michine, called by the workmen in cotton -mills, 

Tm Douhk-fpeeJer.-^TYiX^ is a roving-frame, which is ex- 
tremely perfett in its operation, making better work than any 
other method : it is an improvement upon fome machines made 
by fir Richard Arkwright, at a very early period of the cot- 
ton manufaAure ; but tht improvements are fo eflential and in- 
geniotts, that the maker or makers of them deferve the whole 
credit. Who is entitled to the invention of thefe improve- 
mentSf we have not been informed ; but we have fecn ma- 
chines, made hy Samuel Smith of Rimffiottom, near Bury in 
JLaaeaihice, which were extremely good. The drawings, en- 


MANUFACTURE 

titled PlateVlhf or roving-frame, Plate I. alfo Plate Wlll^ 
Cotton Manufa&ure^ which we have given of this machine, have, 
like thofe preceding it, been made before the improvements 
were brought to the perfc6^ion they have fince attained ; and 
though the machine has the fame parts, the proportions are 
f^uch, that a machine, made exa^lly after them, would not 
operate fo completely as thofe made by Mr. Smith, to whom 
we refer cotton manufa^urers, who wi(h to adopt fuch ma- 
chines, rather than attempting to make them from the draw- 
ings in our plates. They will ferve, however, to illuftrate the 
principles and mode of their conllrudtion. Plate I. is a hori- 
zontal plan of the machine ; and P/u/e VIII. is an elevation, 
taken in front of the machine. In this figure, A reprefents 
the live and dead pulley, which communicates motion to the 
whole : it is fixed on a (hort axis, on the extreme end of which 
is a pulley, B, which communicates, by an cndlefs ftrap, with 
another pulley, D, on an horizontal axis ^ : and this has at 
the end a bevillcd wheel, which turns another on a vertical 
axis ky at the lower endcf which a conical drum or barrel, H, 
is fixed ; and beneath this it is formed cylindrical, to receive 
a ftrap, which pafles round the pullies, on the lower 
ends of the fevcral fpindlcs, I, I, I ; and then returning to 
the drum again, the ends are united, and form an endlcfs 
belt, which runs round the whole, turning them all at once 
with the fame velocity: /, /, are fmall rollers, fituated at 
intervals between every two pair of the fpindles ; thefe bend 
the ftrap out of the ftraight line, and thus caufe it to prefs 
againft the pullies, of the fpindlef, and apply to a 

fufficient portion of their furface, to turn them round. 
This is very plainly (hewn in Plate I. : each of the fpindles, 
I, I, I, has at its upper end a forked piece of iron, q y, fixed 
on, which is called the flyer ; and one of the forks is made 
tubular, to receive the roving as fad as it is twilled by the 
motion of the flyer, and convey it to the bobbin, which is 
fitted quite loofely on the fpindle. The cans from the 
drawing-frame are, as (hewn in Plate I., fet behind the ma- 
chine ; and the (livers are drawn through a double pair of 
drawing-rollers, turned by means of a train of wheel-work 
from the main fpindle, bearing the live and dead pulley, A, 
Plate VI II. The (livers pafs fingly through the rollers, and 
are drawn out or extended (ingly ; they then pafs forwards, 
and two are drawn together through another double pair of 
drawing-rollers, the front pair of which are (hewn at c, c, in 
Plate VIIT. : ayb, arc the pair of wheels which turn them 
from the main fpindle ; /,/, the weights ; and e, the clearer. 
Thefe rollers deliver the (liver to the flyers, at the top of 
the fpindles, I, I, where it firft pafTes througlx a collar, or 
eye-hole, r, formed on each of the flyers, exactly in the 
centre of the fpindle, and thence it pafles through the tube, 
before mentioned, to the bobbin p : the two back pair of 
rollers extend or draw out the (liver twice ; then the two 
front pair, which are fliewn in Plate VIII., draw it again, 
and the fpindles twift it once for .every inch and a half. The 
tube of the flyer, running fwiftly round the bobbin, lays the 
roving upon it as faft as the rollers deliver it out. The bobbins, 
^,^,are conftrufled fo as to rife and fall upon the fpindles, I, I, 
that they may lay the roving, coming fromjthe end of the 
tube regularly upon the length of the bobbin. This is done 
by an horizontal bar, or rail of wood, N, which has holes 
through it, to admit the feveral fpindles I, I, I, and the 
weight of the bobbin refts upon it ; fo that when it rifes 
and falls parallel to itiell, it takes the bobbins with it, elevat- 
ing them as at in Jig. z. In this pofition, the bobbin re- 
ceives the roving, and winds it on the lower part of them ; but 
as the machine continues to wind, the rail with the bobbins 
gradually fink down ; fo that every turn of theroving fidls clofe 
to, but not upon, the former turn, thus difpofing it equally. 
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through all the length of the bobbins ; and when they have larly hurtfub becaufe the roving, which will afterward^i Vpin 
defcended to the lovveft point, and the bobbirshave been filled to the greatett advantage, is fo extremely delicate as not to 
up to the top, it rifes gradually up again. This afeending and be able to bear the flighted drain; and if the machine re* 
defeending motion of the nil and bobbins is thus produced : quires it to undergo anjidrain, it mud be twilled harder, 
the Vertical axis of the conical drum, H, has a bevilled wheel and this will render it lets fit to undergo the fpinning. The 
upon it beneath, (not feen in the figure;) which turns an- manner in which thefe objedlions are obviated in the double 
other, s, fixed on an horizontal fpindle ; at the other end of fpeeder, is by introducing machinery which will give motion 
which is a pinion, /, turning a toothed wheel upon the end to the bobbin, and turn it round with fiich a velocity, that 
of an horizontal axis v, which carries a bevi led wheel w, it will take up the roving jud as fad as it is produced ; but 
turning another, on a vertical axisy, which has an endlefs it is neceflary, in effecting this, that the velocity (hall beal- 
ferew at the upper end, turning a wheel, R, upon a long tered every time the bobbin has a new layer or roving begin* 
horizontal axis, which has two pullies or wheels, M, on it : ning to be lapped upon it, bccaufe every time this happens 
each of thefe receive a chain, which chains, at the lower the bobbin increafes in its diameter, and mud therefore move 
end, fupport the rail N ; and when the chains wind up, they in fuch a manner as will caufc its adling circumference to 
elevate the rail with the bobbins ; but when they let down keep the fame velocity at dll limes. To defenbe this fee 
the chains, the rail, N, defeends. The reverfion of the mo- i, where for every bobbin, y), a fmall pulley is fliewii 
tion which is neceflary to cffedl this, is done by the wheel, relling upon the rail N, the fpindle pafling through i^s cen- 
w, having another bevilled wheel, exactly fimilar to it, fixed tre. The bobbin, which veils upon it, has a hole made in 
on the fame fpindle a;, and very near to the honzf^ntal wheel the undcrfide of it, ?nd the wheel having a pin entering this 
worked by it: tlieicfoic this wheel, on the fpindle y, being hole, fo that the wheel, being turned round, compels the 
made to w-^rk ci'ber in one of thefe wheels or the other, wdli, bobbin to turn with it. An endlefs drap, n, paffes round all 
in confecpjcnce, turn round one way or the other, elevating thefe wheels, having binders o, or pullies, which bend the 
or deprelTing the rad N, and the bobbins accordingly : the ftrap, and caufe it to aft upon a fufficient part of the circum- 
lower pivc^t of tlie vertical axis, jr, is fiipportid in a hori- ference of the wheels, to take fuch hold as will carry them 
zontal lever, which is, by the motion of the rail N, when round. This endlefs ftrap alfo pafTcs round a cylindrical bar- 
it arrives at the highell point of its movement, moved to rel L, fixed upon the upper end of the conical barrel K, 
bring the wheel to work in the oppolite bevilled wheel, on which is of the fame dimenfions as the barrel M, but in- 
the fpindle v ; and then it turns M in a contrary direction, verted, that is, the large end of the barrel, H, is oppofite 
bringing the rail, N, down agai ' ; and when it arrives at the the fmall end of the ba'-rel K. This being the cafe, an 
loweft point, the bevilled wheel is a^ain thrown in gear with endlefs ttrap, w, which is paffed round both, will communi* 
the wheel w, and being thus turned in a contrary direction, it cate the motion of one to the other, and if the axes of the 
raifes the bobbins up again. The conneding parts by which two cones are parallel, the ftrap will preferve the fame ten- 
the bevihed wc.cel is (hifted every time it is neceffary to re- fion, whether it works at one or other end of the two cones, 
verfe the motion, are not (hewn in the drawing, but they becaufe whatever quantity the ftrap will be loofed by 
may eafily be imagined : x, .c, rcprefenc the weights which adting on a fmall part of one cone, it wi*! at the fame time 
are fufpended from the upper front rollers, the fame as thofe be tightened, or takCn up as much, by being upon the larger 
ufed in the drawing frame. part of the oppofite cone ; but it is plain that this alteration 

What we have hitherto explained of this machine it the of the ading point of the ftrap will produce a correfpond* 
original roving-frame, tried by fir Richard Arkwright on ent alteration in ihe velocity of the motion of the cone K, 
finding the defeds of the roving-can frame. The objeftions which is turned round by the llrap. Thus, the motion of the 
to this machine in its original ftate were, that the ^>bbii)s, cone, H, is equable and uniform in velocity, being aduated 
when they became filled with roving, required fo much more by wheel-work from the principal fpindle of the machine, 
force to turn them round, in confequence of their fuperior Now fuppefe the ftrap, m, at the topof the cone H, then it ads 
weighs than when they were empty and unloaded; that with a fmall diameter upon the large diameter of the top of 
they adecl, to ftretch or draw out the rovings, in the fame the cone K, which therefore moves much flower than H. Now 
manner as the can before mentioned ; for tlie revolution of by fliif.ing the ftrap lower down upon the cones, the ad- 
the flyer round the boboin /», gives the twill to the roving ing diameter of H is increafed, while K diminifhes till they 
at the note or focket, r, of the Ipindle; and if the bobbin come to a point, where they will be of equal diameter, and 
was ftationary, it is evident the njving would be lapped round of courfe have equal velocities ; but beneath this point, the 
it once for every turn of the fpiiid'e : but this would require diameter of K w ill be the fmallett, and of courfc its velocity 
the roving to be delivered out by the drawing-rollers much will be greater than H, which aduates When the ma-i 
fa ft er than they are intended to do. I'he confequence of the chine is firll put to work, and the bobbins arc all empty, 
bobbin being fixed would be, that the roving mull be ftretch- they mull move (lowly, becaufe they arc required to folloW 
ed out to a fuflicient length to fupply as much length as the the flyer round, fo that they will only take up as much as 
metion of the end of the tube of the flyer, y, requires. Now the rollers produce ; for if they were ftationary, they would 
fuppofe, inftead of the bobbin being fixed ftationarv, it isr gamier up, as before-mentioned, as much as the motion of 
only rerained by the fridlion of relling its lower end upon the end of the flyer, therefore, within certain limits, the 
the rail N, the roving wi‘l then only be ftretched with as flower the bobbin moves, the more it v/ill take up; and if it 
much force as will drag the bobbin round after the flyer, moved as quick as the end of the flyer, it would lake up 
with as much velocity as the difference between the quantity none at all. For this reafon, at firft ftarting the machine, 
of motion of che end of the flyer, and of the roving, as dc- when the bobbins are all empty, the llrap, m, muft be at fuch 
livered out by the drawing-roller : this difierf-nce will enable a height up the cones, that the bobbins will have ihcir pro- 
the »^obbin to take up all the roving as it is made. per velocities to wind up the rovings as fad as they are re- 

Now it is plain, that to drag a heavy bobbin thus about, quircd, and tlie bobbins rife or fall, as is requifite, to lap the 
muft require more drain on the roving than for a lighi hobbia, roving equably upon them ; but having thus covered each 
and in confequence, it is always drawn out fmaller towards bobbin wjth one layer of roving, and beginning to wind 
the time when the bobbin becomes filled. This is particu* another layer upon it, the adiug diameter of the bobbin is 
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inemfed, tnd it muft therefore turn fo much quickeri (that it, 
it muft make fo many more turns in any given fpacc ot lime,) 
as will caufe the increafed ading circumference to wind 
up no (after than it did when it was fmaller. This feems, 
at fir ft hearing, to be a paradox, that it (hould be requiftte 
to turn round quicker to wind up no (after upon the increafed 
radius ; but it is to be confidered that, by the bobbin being 
moved quicker, it follows and keeps nearer the end of the flyer 
tube, and therefore winds up lcf8,becaufe the quantity which 
the bobbin will take up depends on the difference between 
two motions, that i8,'the difference between the flyer and that 
of the bobbin which follows it. This increafed velocity of 
the bobbin is occafioiied by the ftrap, m, being, at the time 
when the bobbin is filled with roving up to the top, or down 
to the bottom, depreffed or fhifted down on the cones a fmall 
quantity, which occafionf, aa before-defertbed, a fmall in* 
creafe in the velocity of the motion of the cone K,and of the 
bobbins. The depreflion of the ftrap is performed by a le- 
ver, which takes hold of the ftrap with a fork, and when 
urged, leads it up or down upon the conical barrel. This 
lever is a£luatcd by a fnail, upon the axis of which is ftxed a 
ratchet-wheel, turned round by proper clicks, lexers, and 
other connedling mechanifm, one tooth every time the 
bobbins and rail, N, begin to afeend and defeend, or, in other 
words, arrive at the extreme limits of their motion. Then 
the fnail ailing on the lever depreffes the ftrap a fufficient 
quantity, to produce the alteration of velocity required. 

Thus, as the bobbins increafe in diameter by the addition of 
fuccefiive layers of the roving, they adapt their velocities to 
that increafe, and taking it up juft as faft as it is produced, 
and no fafter, fo that roving, as it paftes from the end 
of the flyer tube to the bobbin, is never ftretched, and never 
becomes flack. The intelligent mechanic will readily per* 
cieve that this is pradicable, but at the fame time he will be 
fenfible of the accuracy requiftte in the adjuftment of fuch a 
machine to its work, and the difficulty of making this ad- 
juftment for dffferent fizes of roving. This, perhaps, is the only 
bar to its general ufe, that it requires a ikilful mechanic to 
attend and take charge of it, becaufe every different (ize of 
roving, which is made in it, will require a different rate of 
increafe or decreafe of motion, by means of the ftrap m, 
for a large thread caufes the diameter of the bobbin to 
increafe more rapidlv than a fmall one, and therefore the 
quantity of fhift which the ftrap, m, makes every time on the 
two cones K, H, muft be determined by the fize of the 
roving, as is dfo the height at which the ftrap fhall ftand 
when the machine is firft fet to work, and the bobbins are 
all empty. Thefe adjuftments are made in the lever fnail, 
and other connedtng mechanifm, which are omitted in our 
plates. We have attended for a long time to the adion of 
feveral double fpeeders of this kind, made by Mr. Smith, 
and adjufted by him, which performed their work in the moft 
perfed manner, making a roving fo loofe and foft, that it 
would part with the fli^teft force, but at the fame time as 
regular and even as poSible, and the yarn fpun from it was 
greatly fuperior to any which could ht produced from the 
fame material by any other means we have feen. We ven* 
turn to prognofticate that the general introdudion of this 
machine, when a fufficient number of managers are inftnided 
how to make it work properly, will be i gjreat improvement 
of a moft effential department in cotton-fpinning. 

The rovings, thus prepared on bobbins, are carried to be 
fpun, either, as belore explained, in the water-frame, or mule. 
We fhall deferibe the former firft : it is conftruded in two 
very different forms ; and though in both the operating parts 
are the fimse, the machinery which aduates them are very 
different. One is called the water frame, bein^; the ordinal 
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fpinning frame, as firft conftmAed by fir Riehird Arkwvfglit, 
whilft thejother is a more modern conftrudion^aodisknownby 
the name of the throftle frame. Their comparative advantages 
we fhall fpeak of after having deferibed them both by the aid 
of drawings made from the moft improved machinea of both 
kinds. See Plate IX. which contains a drawing of 

jf Water fimning firamin taken by the writer of this article 
from Meffrs. StrutU’ mill, Belper, Derbyihiie, whole works 
are the moft complete for the water^pinning trade of any in 
the country. Fig» i. is an elevation in front of the whole 
frame ; Jig, a. an elevation endways, and^. 5. it a plan : the 
remaining figures are the parts on an enburgM fcale. In all 
the three firft figures, the fame parts are defignated by the 
fame letters of reference : A is a beviUed wheel, fixed upon 
the horizontaTaxis, which extends through the whole length 
of the mill. This turns a fionaller bevilled wheel upon a ver* 
deal axis B, which has a drum, C, at the lower end, and by 
a ftrap, 0, aduates the whole machine. Another ftnp, h% goes 
the other way, and works another frame on the oppofite fide, 
t^ drum, C, being common to both. The fpinme, B, paffea 
through the drum, C, with a circular fitting, fb that it flips 
freely round within it, without giving moUon to the drum, 
except when it is caft into gear. This is done by two locking 
bolts, fhewn by dotted lines paffing through the drum, and 
both fixed into a collar or fockeUpiece fitted to fli^ up 
and down the fpindle. It has a groove formed round it, in 
which a fork, at the end of a fever r, is received, fo that 
the fork embraces the piece, df in the groove, and when lifted 
up, raifes the two locking bolts with it. This fever is raifed 
by the power of a fecond fever D £, the extremity, E, of 
which, being depreffed, raifes up the fever r, and unlocka 
the drum from the fpindle B, by withdrawing the locking 
bolts from their contaA with an arm, of a wheel, g^ 
which is fixed faft on the fpindle beneath the drum, and 
therefore turns with it ; but the locking bolts being fet ^wn» 
that their ends may projeA through the drum, and intercept 
the crofs arm, of the wheel, the drum and all the macm* 
nery are put in motion. 

The endfefs ftrap, a 0, paffes, as (hewn in the figure, the 
whole length of the frame, makes a tarn round the pulley 
III, and comes back again. Other pullies, j, a, t, of the 
fame dimenfions as are fituated, at intervals, in a direfl line 
between the drum r, and the pulley, m, to bear the ftrap, 
and in the intermediate (paces between thefe puUiet, the 
vertical fpindles marked q are placed in pairs, exadly oppofite 
each other. On the lower end of thefe, fmall wheels, x, called 
binders, are fixed, and the ftrap, 00, prefling againft them, as 
(hewn by the figure, turns them round, the objeS of the puUiea 
1, a, and 3 being to bend the ftrap out of the ftraight line 
fufficiently, to make it apply to the furfaces of the feveral 
binders and turn them round. The laft pulley, in, is fitted in 
a frame, and can, by a (crew 4, be moved to ftrain the ftrap 
tight. Above each Wder, and on the fame fpindle, a wheel, 
ht is fixed ; it receives two belts i, i, {Jig, 3.) which turn 
four of the ijpindles /, /, /, /, each belt giving motion to two 
fpmdfes. The binders 0*, (ieej^. 5. ) are fitted to flip round 
on their fpindles 11, but can, at any time, be united thereto, to 
give them motion by a locking bayonet 9, which is caft in 
or out of aAion, at pleafure, by a finall lever 10, in exactly 
the fame manner as the locking of the principal drum ; 
therefore, by the fever 10, any four fondles can be de« 
tached from the machine at pleafure. The fpindles, n, of 
the binders have each at the upper end a pinion, which 
turns a face or contrate wheel fixed upon the fpindle of 
the front rollers which give out the cottoa to the fpindles* 
Thefe rollers are arrang^ in diftinA beads or frames, con* 
caining four lengths in each, which fupply four fpindles. 
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The eonftruftton of one of the heads is /hewn 4» s8« by a fmall eontrate wheel on the end of itg which is 

6 1 4« being a feflioa of the rollers and fpindle ; turned by a pinion on the lower end of the vertical (pin- 

5. a mnt view of the rollers; and^. 6. an end view, die jQf receiving its motion bv a pair of bevilied wheels 
In thefei f ftill denotes the faw wheel, and 4 the lower from an horizontal fpindle 20, in the middle of which is a 
front roller. Upon this, which is fluted in the a6Ung parts, cog-wheel 21, turned by a fpiral piece of iron 22, which 
the upper rollers 5, made in two feparate lengths, reft, and is fixed on the main fpindle B, juft beneath the great be- 
are prelled down upon the lowei* one by two heavy weights, villed wheel. It operates in the fame manner as an endlefa 
< 6,6, which are fulpended, by means of kooks, 7, from the fcrew, turning the wheel, 21, round one tooth for every 
necks or fmall parts of the upper rollers, and thus keep revolution of the main fpindle, and this flow motion ia 
them firmly down upon the flutes of the front roller 4. communicated by the fpindle 19, and wheel-work juft de- 
On the oppofite end of the front roller to the wheel ^ a feribed, to the hearts, which revolve with Xuch a velocity^ 
pinion, r, of eleven teeth is fixed : this turns a wheel, r, of as will caufe the bobbins to afeend and defeend fo fall, 
38 teeth, which is mounted on a ftud or pin, and has a that they lie every turn of the thread clofe by the fide 
pinion, /, of 16 teeth fixed to it, which works a wheel, of of that preceding it, but not upon it, fo that the figure 
33 teeth, fixed on the end of the middle roller, (hewn in of the bobbin, when filled with thread, will be nearly cy* 
the fedion, 4.) at 12, whofe motion will be to the front lindrical.* 

toller nearly as five to one. On the other end of the roller is The bobbins of the roving frame are put upon a wire, or 
a pinion of to, which turns another of 15,00 the back temporary fpindle, and in this ftate are fet up in the frame, F# 
roller, 12, by means of an intermediate wheel, fo that this in two rows, one above another, fo that they will all turn 
turns only once for one and a half turns of the middle freelv round when the rovings are drawn off from them, 
roller; confequently, the roving 14, 4.) which is intro- Thele rovings are conduced over wires, as (hewn in jfg. 2, to 

duced between the hack rollers, from tne bobbins or cops lead them in the right dire^ion, and are brought, two togc- 
fet up in a frame F, i and 2.^ above the machine, is, ther, through wire ftaples fixed in the hoard G (Jtf, 4.)^ 
in palfing between the hack and middle rollers 12 and 12,* then through notches made in the edge of a piece of iron 
drawn out one and a half times ; then between the middle plate fixed on the edge of the board, and projedlitig up 
and back rollers 12 and 14, it is extended five times more, above the furface of it, and after pafling through thele 
making a draught or extenfion of 7J times in the whole ; notches the rovings enter the back roller 13, in^. 4. The 
and as faft as the rovings come through the front rollers, board, G, has a (hort traverfing motion backwards and 
they are twifted into a thread by the rapid circular motion forwards, by which means it caufes the raving to travel 
of the fpindles. But thefe we have to explain ; they are backwards and forwards between the rollers, or it would 
ftraight ftecl arbors, /,/, (jfv. 4,) on the lower end of which foon, if conftantly condufted through the fame part of the 
the whirls or pullies. which receives the band, /, for them, rollers, wear out the flutes at that part, making a fmootb 
arc fixed : thefe fpindles are mounted in a frame common ring round it : but by this traverfing motion the wear is 
to them all, which confifts of two rails 14, 14 ; the lower emaally diftributed over the whole length of the fluted 
one fupporting the points or toes of the fpindles, and the rollers, and does not aA partially at any one part<. The 
other having bearings for the cylindrical parts of each fpin- motion is caufed, as (hewn in^. 4, where 18 is the fpindle 
die, and a ftrip of wood is ferewed againft this to keep tnem of the hearts 18 (^. 2.), fituated immediately beneath the 
up to their bearings. Above this bearing the fpindle is only board G: it has a cog-wheel of 18 teeth fixed upon it, 
a ftraight cylindrical wire, and on the upper end of it the turning another, H, of 36 teeth, on the axis of which a 
flyer, 15, is faftened, either by ferewing it on, or it is ftuck fmall crank, K, is formed, and by means of a conneAing 
faft on by fridion, which is fufficient to carry it a^ut. rod draws the board, G, backwards and forwards every 
The two arms or branches of the flyer are fuKcfently time it makes a revolution, by means of the cog-wheeb, 
diftant for them to revolve round clear about the l)ob- which will be once for every two turns of the hearts. The 
bin 16, which is fitted loofely upon the cylindrical fpindle, rovings, two together, as before dated, enter between the 
and with liberty to Aide freely up and down upon it. The back rollers, and then pafs forwards to the middle pair, 
weight of the ^bbin is fupported by refting on a piece of receiving in the paffage a draught or extenfion of one and 
wood 17, attached by ferewing to a rail M, whict has a a half; then advancing through the middle rollers to the 
flow rifing and falling motion, equal in extent to the length front, they are, by the motion thereof, drawn out five 
of the bobbin between its flioulders, by which means the tinjes, and in this ftatc delivered to the fpindle L, which 
thread, as it comes through the eye formed at the ends of twifts the fibres round each other the inftant their ends 
cither of the branches 15, of the flyer, and is wound by the come out, before the rollers leave the otlicr ends, or they 
motion thereof upon the bobbin, becomes equally diftri- would fall to pieces, being drawn out fo fine, that the 
buted throughout, its length giving it a cylindrical figure, cohefion of the fibres is inlufficient to bear any thing, and 
inftcad of heaping all the thread at one part, like a barrel, the twine given to the roving is entirely loft, for it was at 
as would happen if the bobbin did not rife and fall. This firft only one turn in lA inch in length ; and this f ^ inch, 
motion of the bobbin is produced by a bent lever, 16, being by the draught of the roller drawn out to more than 
(A/. I. and 2.) fufpending the rail M, with all the bob- 13 inches, the twift of one turn in this length is imper- 
bins upon it, from the arm 16; the lower end of the other ceptible, and. adds no llrength whatever to the roving, fo 
arm, 17, bears againft, and is moved by a heart or eccentric that it is neceffary the fpindle Ihould, by the conncaion of the 
wheel 18, nearly of the figure of a heart, which is fixed on thread 41, palfing down from the rollers to its flyer, give a 
an horizontal axis extending the whole length of the ma- twift to the fibres the inftant they come through the roller, 
chine, and at the other end it bears a fimilar heart 18, I ) fo that by twilling one end of each fibre round the other, 
fi^dontt, which operating upon another lever i6, fuipend- whilft the oppofite ends are held faft between the rollers, 
ing the other cad ot the rail M, thus caufing it, when the they will become a thread fufficiently cohefive to advance 
hearts ere turned round, to rife and fall equally at each towards the fpindle, and receive its full quantum of twift 
end, or parallel, and move all the bobbins^ retting upon it to beco-tic a hard and ftrong thread : it paffes through n 
together. The motion is given to the fpindle of the heart wire cycisr ftaplc fixed in a board at 34, which changes iti 



dircfiiofi into a line with the j^indlc, to which it is connc£led 
by paffing through the eye formed at the end of either of 
the branches of the flyer, which revolve » with the greateft 
rapidity along with the fpindle, and thus give twill to the 
thread* The bobbin does not partake of the motion of the 
fpindle, but is rfitained by the friction of its lower end 
reHing on the piece of wood 17, and this is increafed by a 
wa(her of leather put under it : then, as before explained of 
tlic bobbin of the roving frame, the thread, by the motion 
of the flyer, drags the bobbin about after it with a ve- 
locity equal to the difference between the motion of the end 
of the flyer, and the motion of the thread as delivered out 
by the Trent rollers. When the frame has been fo long at 
work, that the bobbins become filled with thread, the child 
in attendance, by the handle of the lever 10 5.), difen- 

gagee the binder .r, of the four fpindlcs from its axis n, and 
then they, as well as the head of the rollers belonging to 
them, (lop, and the child breaks the thread ; then pulling off 
©r unferewing the flyer, he lifts off the bobbin, puts on an 
empty one, on which the end of the thread is previoufly 
lapped to make a beginning ; the flyer is next fixed on, the 
tliread paffed through the eye at the end of the flyer, and it 
is ready to work again : the eye of the flver is made open 
at one part, being curled in the manner of a cork-ferew jufl 
at the end, fo that the thread can be hooked in and out of 
it by the child, but is in no danger of getting out by the 
motion of the flyer in its work. When a thread accidentally 
breaks, it is not always neceffary to flop the fpindle to unite 
it, but the attendant takes hold of the broken end which 
belongs to the bobbin, and draws off a conliderable length, 
a yard for inilance, from the bobbin, and breaking if, throws 
this away, becaufe it has every chance of being unfound : 
then taking the end in the finger and thumb, and applying 
it againft the end of the roving which is coming through 
between the rollers, leaving them overlapping a Iniall quan- 
tity, and letting them go from the finger and thumb, the 
ends are iuflantly twined together, and united into one found 
thread. But this requires fomc dexterity, for if the end 
of the thread is held fo long between the lingers in apply- 
ing them together, that the roving corning through the 
rollers advances the length of the fibres of the cotton be- 
fore it is let go, and fuffers the fpindle to twill it, the 
fibres will part and the thread breaks afunder, or is never 
formed at that part ; it is therefore neceffary to catch the 
roving as clofe as poffible to the rollers, and apply the end 
of the thread quickly to it, then letting them go inftantly, 
the fibres are twilled in >viih each oMier, and the union takes 
place fo perfedlly, that it cannot be afterwards difeovered 
where the joint was made. The lower rollers are made of 
cad iron, turned extremely true, and fluted by an engine ; 
the upper rollers are alfo call iron, but are covered with 
leather in the a&ing parts, fo that tliis foft fubftance holds 
the cotton more firmly upon the flutes of the lower one 
than any other method would, as the roving is not liable 
to lap round the rollers like the (liver of the drawing frame. 
No clearer is ufed ; but in (lead thereof, a fmall wooden roller 
covered with leather is placed over, between the front and 
midiUe roller, but it merely lays upon them, having no 
pivots or fiipport ; its furface is rubbed over with chaSc or 
whiting, and this it communicates to the leather of the upper 
roller, and is found to improve their action, probably by 
not fuffering the cotton to flip beneath the rollers : Jfj. 4. 
(hews, that the middle and back rollers have their weights 
to keep down the upper rollers upon them in tEc fame man- 
ner as the front rollers ; but the weights are very different, 
the front weight, 6, being aolbs., whilfl the middle weights 
$rc but a few ouccesi and the back rolls have a w^eight of 
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albs. The reafon for the front roller requiring fo wreat a 
weight is, that it is neceffary for them to preTs and hold 
every one of the fibres of the roving while paffing through 
them extremely tight ; becaufe if it only held a few in inc 
middle of the roving, the others towards the edges of the 
roving might, by the twifting, be drawn out before their 
ends were fairly twifled into the thread, and this would 
render the thread fuzzy in its whole length : the inftant the 
foremoft end of a fibre comes through between the rollers, 
it (hould, by the twine of the fpindle, be twilled over the 
middle of fome other fibres which are coming through, and 
over the ends of others w'hich have altogether efesped the 
roller, and the fmoothnefs of the furface of the thread 
altogether depends upon this being done inflantaneoufly 
on the foremolt end prefenting itfelf through the rollers ; 
for the t'ffedl of all the preceding operations has been 
to difperfe the ends of the fibres equally, fo that they 
effeClually break joints with each other, and then being 
equally tw'iilcd, it forms a thread of equal llrength m all 
parts. 

The numbers of the wheel-work for the rollers of the 
roving frame, are varied with every different number of 
cottons which is to be fpim 5 the draught being altered, 
when requilite, to produce fuch an extenfion of the fliver 
in paffing through the rollers, as will make the roving, when 
finilhed, 4.3 times the weight (length for length) of the 
yarn it is to be fpun into. This is a pretty general rule in 
cotton-mills, and the roving is occaiionally meafured and 
weighed, to afeertain if the machines are drawing the pio- 
per quantity, and if not, the pinions arc changed for others 
which will produce. the proper degree of extenfion. It is 
in this llage that the fize of the yarn is determined, and the 
fpinning frames have, in genera), the fame draught ; but 
the velocity of the fpindles with refpeA to the roller, fo 
that they will give a greater or lefs degree of twine to any 
given length, is varied in fpinnii^ different kinds of twifl, 
whether hard or foft twill. The alteration is made by 
employing larger or fmaller pullies, or whirls, on the fpin- 
dles whi(^ caufe them to revolve with a flower or quicker 
motion. Neither do the rollers of the fpinning-frame give 
out the fame quantity of roving in a given time when (pin- 
ning coarfe or fine goods, or when fpinning very high num- 
bers, as No. 60 ; the front rollers are adapted by the 
wheel-work to revolve at the rate of 35 times /ter minute ; 
but for coarfer goods, fome of them will turn 60 times 
minute : this is becaufe a fine thread requires more twill in 
a certain length than coarfe. 

The frame from which the drawing was taken contained 
ten heads, or forty fpindles, on each fide, the frame = 80, 
and the fame on the oppofite fidi^ of the drum, to be driven 
by the llrap making 1 60 fpindles, adluaied by one cog- 
wheel A. 

The conllrii£lion of the locking bayonet forconnedl- 
ing the drum with the main fpindle, we have explained ; byt 
one circumltance was then unnoticed, viz, that the bar /I 

I, is not permanently fixed to the wheel but that the 
wheel has a groove turned in the edge of it like a pulley ; 
and an iron hoop or clip, made in two halves, ferewed. toge- 
ther, is fitted round the wheel in this groove, and to &i8 
clip the crofs-bar, /, is united, by the ends of it turning 
down, and being received between the ends of the dtp, the 
fame fcrcw-bolts holding all together. The confequence 
of this conflrudlion is, that the machine is not fuddenly 
jerked into motion when the bayonet is let down, and in- 
tercepts the arm /, which is revolving rapidly with the 
fpindle and wheel g : in Head of jerking the frame, the bar, 
ff for a moment becomes fiationary againit the point of the 
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baye^netf the wheel, flipping round within the clip, but heart R, fixed on a fpindle, which is turned by the Ibl- 
the great fridlion of this foon fets the machine quietly in lowing train of wheel-work. The fpindle of the wheel and 
motion ; and when it arrives at its full fpeed, the fric- pinion, C i, pafles throu^^h the frame, and by a pair of 
tion of the clip is fufHcient to keep it in motion, with- bevilled wheels, L 3.), turns a vertical axis M, on 
out flipping any more, unleCs an accident happens, and the lower end of which is an end efs ferew, giving a flow 
then it is very ufeful, as it prevents the machine being rotation to the fpindle of the hearts by a tooth-wheel, m, 
broken. ^ thereon, which is turned round one tooth by every revo- 

The thr^le fplnnlng-frame is delineated in Plate X. of lution of the endlefs ferew. A heavyweight,? i-), 
which I. is a fefiion taken acrofs the length of the U fufpended from the lever, G, to counterbalance, and 
frame i fig* 2. is an end view, and ^^. 3. is an efevation of caufe the end of the lever, I, always to prefs upon the 
the machine in front. After the minute defeription we have furface of the* heart R, which, as it turns round, elevates 
given of the con(lru6lian and operation of the roving-frame and depreffes the bobbins on the oppoflte fides of the frame 
and water-frame, it will not be neceffary to be very diffufe alternately. The joints of the levers, G and I, with the 
in our account of this machine, which has the fame parts rods, H and p p, are made, as the figure fliews, adju liable ; 
as thofe machines, but only differs in dimenfions and pro- that is, the centre pins are fixed to the levers by luting ia 
portion. The fame letters of reference arc employed in all grooves, and are held in by nuts, fo that they can be fixed 
the figures, and A A reprefents the live and dead pulley at different difiances from the centre, to accommodate the 
adluating the whole, fixed on the end of the fpindle of a ading radius of the levers, fo that the motion given by the 
long tin cy’inder B, which is called the throftle, and turns heart, R, may be made to correfpond with the length of 
all the fpindles and other machinery at once. On the main the bobbin between the fhoulders. 

Ipindle of ihe throlile a pinion, a, is fixed : this turns a wheel The bobbins for the roving arc fet np in a frame at S S T, 
f, which has a pinion, fixed on it, turning the wheels D between the' two fets of rollers, X, X, and the roving is 
and E (Jig. 2.) by the intermediate wheels, on one fide, conduced immediately between the back rollers ; but, as it 
and e and/ on the other. The wheels, D and E, arc fixed goes through the fame procefs as before deferibed in the 
on the ends of the fpindles of the front rollers X, as is water-frame, it is needlefs to repeat it. The traverfe mo- 
plainly fhewn in/;'-. 3. Thefe rollers are made in lengths, tion, to prevent the cotton wearing away the rollers in any 
which ferve fix fpindle?, and the lengths are united by con- one part, is fometimes omitted ; but. we have feen throftle 
reeling boxes, as fhewn at F, to other Icn^tlis, fo that one frames in which the whole of the frame S T, confifting of 
train of wheel-work, a C & d e f E and D, will turn the one board, S, below, and another, T, above, conneded by 
front rollers for 112 fpindles, or 66 on each fide of the proper pillars, together with all the bobbins of rovings, 
frame, and then the rollers are made in 1 1 lengths. Some had a fmall traverle motion, which is found to be a great 
frames are longer, others fhorter than this. Our drawing advantage in the wear of the rollers, 

only contains 1 2 fpindles, and two of thefe at each end are Refpediing the comparative advantages of the throftle- 
removed, to fhew the w orks in fide of the frame : at g a frame and the water-frame, cotton-fpinners are divided in 
pinion is fixed on the fpindle of the front roller, and turns their opinions ; the fimplicity,, and confequently low price 
a wheel on the end of the middle roller, by an intermediate in the iirft eredion of the throftle, is its recommendation, 
wheel and pinion on a ftud ; and at the oppofite end of the and it is generally ftated to be driven with far lefs power, 
middle roller is a wheel h, turning the back roller with its becaufe it has fewer pacts. To fet againft thefe advantages, 
proper velocity by means of an intermediate whed, fo that it is faid, that when the bobbins are filled, and require to be 
the motion ot the rollers in this frame is exadly the fame changed, the whole frame of 112 fpindles mud be Hopped 
as in the water-frame. The fpindles, /, /, are all driven by at once, by (hifting the llrap to the dead pulley A ; 
bands from the throftle cylinder B, the manner in which they whereas in the water-frame, any four fpindles can be Hopped 
crofs being fiiewn at i. I’lic bands arc very loofe, together, by calling off their binder ; and it ia only necef- 

and, as the figure fhews, are inclined, fo that their weight fiury to Hop the whole frame by the caHing off the great 
tends to draw them tight, and turn the fpindles, 47, about drum, when the frame is to be repaircSl, or is out of ufe 
with the proper velocity ; but Hill the child attending the for a day, or longer period. 

machine can, by prefling his knee againfl the whirl, as the Wc have now explained the manner of fpinning cotton 
pulley is called, Hop the motion of any one fpindle for a into a thread by the water-frame, and fhall proceed to 
moment whilH a broken thread is repaired, the bpnd flip- deferibe the conHruftion of the other method of fpinning, 
ping round it all the time. The fpindles, being exa£lly viz» 

the fame as the water-frame, need little explanation > more The Mule. — ^This machine was introduced- by a Mr. 
than to enumerate their parts, which are, the bobbin w, Crumpton, who lately received a reward’ of 5000/. from 
the flyer «, Huck by friAion, or elfe ferewed on the top of parliament for the invention, which, as before mentioned, 
the fpindle, and its branches ending in a curled hook, conliHed onl)^ in the combination of .Hargreave’s fpin- 
through wlv’ch the thread is pafl’ed to the bobbin. This is ning jenny with fir Richard Ark.wright^S drawing rollers, 
fitted quite loofe on the fpindle, and rcHs its weight on a Plate XI. contains drawings of one of the beH conHrudions 
piece of wood 0, fixed to the underfide of a rail N, which of tliis machine, in which Jig. 2. is an end view of the 
rifes and falls, to lay the thread regularly in a coil upon the whole machine, and Jig. i. an end viewv of the carriage 
bobbin, as faH as it is taken up thereby. The rife and fall are alone. Fig. 3. is a front view, and ^g. 4. is a view of the 
thus produced; the two rails^ N,N, on oppofite fides of. operative parts detached: Jig- S* view in another 

the frame, are fufpended by iron rods, p^p, from horizontal Hage of its operation. As this machine is extremely corn- 
levers G, which are mounted on nn axis, extending the plicated in its movements, it will firft bo proper to exfilain 
whole length of the frame, and having as many of the thefe movements before entering upon the machinery which 
levers, G, upon it, as are neceffarv to fufpend the rail, 1 ^, caulesthem. Thisisflicwn in^s. 4, and 5, where W repre* 
without bending. H is an iron rod jointed to the lever G, fents a bobbin of the roving frame fet up in a proper frame, 
and coming down to a fliort lever I, which, at the oppofite and the roving is conduced from it, through three pairs of 
end. to iu connexion with H| rcHs on the furface of the rollers, ^ B, and C, which have the fame draught as the 
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follert for Che fpinnin|r.framei and are moved by (imtlar threadaa faft at the roUen deUvtr It outtMd dmeprodudbr 
wheeUwork : but the upper roUert^ a$ it r# are weighed fuch a compreffion of the fibres br twilling them round each 
down in a different manner : thut^ tt a piece of metvii other« at will form a thread of liifficient ftrength to bear 
reding on the neck of the front roller, n, at one end* Jireiehmg* This meanti that when a yard of thrm hat been 
and the other end upon the middle of a fecond piece #t given out by the rollers tMr motion ceafet» fo that they 
which bears upon the necks of the o^her two pairs of deliver no more^ but the fpindle continues to recede from the 
rollers* h and c ; then an iron rod /, coming down from rollers to the further didance of a yard imd half* twiUag 
the piece dt loads all the three upper rollers a* c* at the thread all the time it ftretches it out in length* till it 
once* by means of a lever gy which is hooked beneath forms a fair and ftrong thread* The twifUng motion of the 
a fixed rail of the framing iupporting the rollers at one fpindle then itopt* as does alfo the drawing-out movement 
end* and the other is made with a heavy knob* fo that of the fpindve* with its carriage* Thus one yard and a half 
the purchafe* or leverage of this piece r* draws down the of threaa is made and finilheo* The^ attendwt to the ma« 
wire* y* with fufficient force to toad all three rollers with chine now thrufts the fpindle* with its carriagti home to 
their rebtive forces : thus it is plain the roller* a% mull bear the rollers* holding the wire H* done in the manner fiiewn 
the prifictpal weight of the lever r, berau^e the wire* /* is in Jig. 5* and at the fame time turning round the fpindle at 
nearer to the rolkr /i; but as it a&s upon the piece* r* with fuch a rate* that it will wind up the thread upon the cop- 
a confiderable length of leverage it bears lightly upon it* pin* and the wire H, which is held down by t^ hand* is fo 
pnd this again bears upon two* and therefore ilill lefs humoured* as to make the thread wind up with regularity* 
upon either* the weight of the end of d being divided The routor* motion {.>iven to the fpindle is* in this inllance* 
Upon two rollers j* e ; but it bears moll powerfully upon r* done by the other hand of the attendant* and is fo accom- 
the point or end of d being neared to that roller* fo that modated* as to wind up the thread jud as fad as the advance 
the operation of all thefe pieces is to load tlie three rollers of the fpindle towards the rollers requires* and no more ; 
nearly in the fame proportion as the rollers of the fpinning but when it arrives clofe to them* the wire* H* is raifed up* 
frame : but this proportion can readily be altered by diifting and the machinery is put in motion again* the rollers be- 
the afting kngths of the levers. gin to draw out* and the fpindles to recede* turning all 

The roving* after palling through the rollers* is taken the time. The mechanilm by which all this is effe^ed is 
up by the fpindle Du: this is placed rather inclined* but deferibed by i 2, and 3 ; fird, fee^. 2* where K u 
without any bobbin or flyer* like the fpindle of the water alive and dead pulley for the endlcfs ftrap aduating the 
frame ; it is merely a pbin conical arb 'r* fupported at its whole by the power of the mill. Tlie pulley is mounted on 
point* or toe* in a ftep made on the rail* £* of the frame* and a Ihort fpindle* having a winch or handle* L* at one end, and 
in a bearing at F* againd another rail. It has nothing to on the other a large pulley M* wiuch has a number of dif- 
ke^ it up againd this bearing* the draught of the band* which ferent-fized grooves formed round it* to receive an endlefs 
pafles round the pulley bt and gives motion to the fpindle, rope i ; fee imo Jig. 2 : this rope* after making a half turn 
being fufficient for this* The end of the thread is merely round M, padcs under a wheel i* fixed on a pin or dud pro- 
bpim round the upper end of the fpindle, and its accu- je&ing from the frame. From this wheel the rope, s* proceeds 
mufation upon itfelf foon forms a maCs G* which is called to another wheel* /* at the oppofite end of the frame* and 
a cop, or coppin. Now it is evident that, from the inclined returning from this goes over a wheel fituated clofe behind 
pefition of the fpindle* it will, when turned round* give k on the fame centre pin. The ends of the xope are then 
twid to that part of the thread which is between the end joined* and it forms an endlefs band* which* when thedrapis 
of the fpindle and the roller A* although the fpindle call on the live pulley k, and the wheel, M, turned by it* 
and the Aredion of the Aread do not coincide, becaufe, the rope, i,condantlk runs in a llraight line from the wheel h 
when the fpindle is turned* the thread will (lip over the to / ; but in this paflage the rope m^es a quarter turn round 
top end of k and receive a twid* without winding up upon a wheel fa* upon a vertical axis* which is mounted on the 
the cop ; but when it is required to wind up* the thread, or frame or carriage £ F, for the fpindles D* G, fliewn fepa« 
wire H* is prefled down upon the thread. This removes it ratclyin^. i. The rope, I* not only pafles round the wheel 
from tlie end of the fpindle to the middle of the cop, as on this fpindle* but goes forwards into the carnal* and 
Ihewn in^. 5, and then the motion winds up the thread pafles round a groove upon the upper end of a vertical drum* 
upon the cop indead of twilling it. The wire, H, is ex- (notfceii in the figures,) which bas feveral bands upon it* 
tended at the end of a lever H I, moveable on a centre each driving two foindles* D* by pafllng round tlk pul- 
1 , in the manner fliewn in Jig. 5, but when left at liberty* lies, A, of two of them* as diewn mjig. 5* in which it is 
the weight of the oppofite end of the lever reftores it to alfo feen that the bands are all at different heights* that 
the pofition Jg. 4, and then the fpindle twids the thread they may not interfere with each other upon the £um* but 
indead of wincing it up. each take its proper place upon the length thereof. The 

The operation of the machine is this : the rails E and F* carriage runs upon four wheels 1* 2* two of which are 

fupportmg the fpindle* are part of a carriage or frame placed at each end* and run upon an iron railway* fo that 
carrying above 100 fuch fpindles* and moving on wheels the carriage containing all the fpindles and drums runt 
which traverfe on railways to and from the rolkrs in a di- backwards and forwards, to and Irom the rollers* for the 
Te^ Kne* for the extent of a yard and a half. Now fuppofe length of a yard and half. But during this motion* the 
St wheeled home* that the ends of the fpindle are clofe to the power of the mill is all the time conveyed to turn the 
front roller A* then fuppofe the rollers fet in motion* they fpindles by means of the endlefs cord 1* which* as before- 
take in the roving i^m the bobbin W* and draw it out or mentioned* making a llraight line from the wheel i to/* 
extend it ei^t or more time^ giving it out between the vrill not be affefted by the motion of the carriage* but will 
front roller A* to the fpindle Cf* wluch* with its carriage* always circulate round the feveral wheels* and give motion 
recedes* by the movement of the maebine* from ^the rollers* to the drum which turns the fpindles : 4* ^ {Jigt. 1 and a.) it 
taking up the thread as fail as it comes out between an iron bracket* fupporting the axil 1 1* ut the lever* 
them $ and* at tlie fame time the machinery draws the fy* 4* which fupports the wire H* imd as many of thefe 
^ndle back* it turns it round rapidly* giving twift to the iimrs are fixed on the axis I* as ihewn in Jg. 3* ai are fufiu 
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ctent to make the wire H, ftifF enough to prefs down all the 
threads together, in the manner oi Jig. 5. The remaining 
parts of the carriage, being only its frame, are evident 
ttom fig. I, and need no »rther notice, except a double 
pulley; that is, a pulley with two grooves upon it, 
fitted on a ftud or pin in the underfide of the frame, be- 
tween the two wheels i and 2. The ufc of this pulley, 
with its ropes, as we (hall defcribe, is to make the whole car- 
riage move parallel, or both ends equally, which, in a car- 
riage of twenty feet long,, requires fome nicety. As the two 
wheels t and 2 cannot be placed very diftant, and therefore 
|dve little fteadinefs to a carriage of fuch a great length, 
tne parallelifm is thus preferved ; a rope, 6, is made fa(f 
at one end to a fixed part of the framing, then pafles a 

S iiarter round the upper groove of the pulley and runs 
ong the whole length of tlie carriage, and turns a quar- 
ter round a fimiJar pulley ^%fig 3, and then goes forward 
parallel to its firft dire6fion, from 6 to c, and is made fa if 
to the frame in a fimilar pofition to 8, fig, 2, but at the 
farther end of the frame. In the fame manner, another 
rope is faflened to the frame at 8, and making a quarter 
turn round.the lower groove of the pulley 5, proceeds the 
whole length of the carriage, makes a quarter turn over the 
pulley 7, fig, 3 , and proceeds parallel to the firft direftion, 
from 8 to j;, and is made fail to the frame in a fimilar po- 
fition to 6, but at the oppofite fide of the frame. The two 
ropes crofs each other in the centre of the carriage, and 
they always pafs over oppofite Tides of the pullies 5 and 7. 
Their effe£^, which is not eafily explained without a feparate 
figure on purpofe, is to make the carriage move equally 
at both ends, for it mull do this, unlefs one or other of the 
ropes flip upon the grooves of their refpeflive pullies 
or 7, and this they will not do if drained tight. We 
ave clearly dated the pafTage of the two ropes 6 and 8, 
and the mechanic who knows this, will readily fee the man- 
ner of its operation, though it is difficult to explain it by 
words only. 

We muft now attend to the wheel-work for the rollers : 
a bevilled wheel e, fixed clofe behind the wheel M, on the 
main axis, turns another on the end of an inclined axis p, 
fig. 2, at the oppofite end of which is anotlier levilled 
wheel, turning y, fixed on the extremity of the front jroller ; 
which being conneded with the middle and back ixiBers by 
the fame wheel-work as the throttle frame, and the rollers 
being of a fimilar conftrudtion, demand no further deferip- 
tion, except what wc have already given of the 

weights for prelfing down the upper rollers. When the 
rollers arc to be call out of gear, it is done by difengaging 
the wheel, p, from the wheel 0 ; for which purpofe the 
bearing for the upper end of the inclined axis carrying 
the former, is made in the upper end of a lever r, which 
moves on a centre pin, fixed in the ftandard fupporting the 
bearings for the axis of the wheel M ; the lower end of this 
lever is conne<Elcd with the end of a fliort lever j, moveable 
on a vertical centre pin fixed in the frame ; this lever has an 
arm proceeding from the centre at right angles with that 
feen in fig, 2, and is therefore hidden behind the centre, 
its form being flicwn at Z, which is a plan of this lever. 
From this fecond arm a wire proceeds to the pendulous 
lever P # t>, moveable on the centre pin /. Now by moving 
the end, P, of the lever, P I, away from the wheel, M, it 
draws the wire and arm of the lever /, the other arm of 
which a^ing upon the lower end of the lever r, to throw 
it inwards, throws the upper end outwards, and brings the 
wheel, pt in conta^ with the wheel e, fo that the inclined 
axis, and the front rollers alfo, are fet in motion, as long 
as the end of lever, P, is kept held towards the end of the 
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frame. This holding is performed by its arm t», which, as 
in the figure, may be hooked under and kept down by a 
fmall catch w, and from this a fine wire, 9, proceeds back to 
the oppofite end of the frame, and is then linked to a 
fliort lever, which is fitted loofely on the fame centre pin 
which conneas the lower end of the lever, r, with the arm 
of thp lever x. This lever is (hewn at a, in the feparate 
figure Z, but its ufe is only to fupport the end of the 
wire and keep it up, fo that a part of the carriage of 
fpindies, in running back, may, by intercepting the end of 
it, draw the wire and the catch w, thus relieving the arm, 
tr, of the lever P, and this, as before explained, throws the 
wheel, p, out of gear, and the motion of the rollers ceafes. 
On the return of the carriage towards the rollers, a piece 
of wood, JT, fixed to it, runs againft the lower end of P, and 
moves it back fo far that the catch, w, engages it. This 
fets the rollers in motion, which they continue, until, in 
the retreat of the carriage, a piece of iron y%fig* i, pro- 
jcdling up from it, catches the Ihort lever, near /, (up- 
porting the wire 9, which being thus drawn, difengages the 
catch nu, and then the wheel,/, is caft out of the gear with s, 
as before-mentioned, and flops the motion of the rollers. 
The motion for drawing out the carriage from the rollers is 
thus performed : a cog-wheel R, which has a puUey fixed 
on againft it, receives an endlefs rope, 10, pafling round a 
pulley, II, at the end of the frame. One part of the endlefs 
rope is tied to an iron arm projedling from the carriage, 
fo that when the wheel, R, is turned round, by engaging its 
teeth with a cog-wheel fixed upon the end of the front 
roller, the endlefs rope, 10, traverfes, and moves or draws 
the carriage out with it. The wheel R, which is called the 
Mendoza wheel, is made to lock in or out, by fitting it on 
a centre pin, which is fattened into the upper end of a lever 
T, (fee the feparate view,) moveable on a pin fixed in the 
frame. The lower end of this lever is moved by a horizontal 
lever, feen endways near V, which reprefents its vertical 
centre pin or ftud. The end of this lever, which is before the 
ftud, or neareft the eye, is conneded by a ftrong wire 
with the lever P, and therefore, when this lever is puflied 
by the motion of the carriage, it engages the Mendoza wheel, 
and draws out the carriage, at the fame time that the rollers 
are put in motion, and give out the roving between them ; 
but the carriage, being drawn out to the length of roving 
which it is to have to ftretch and frin the Mendoza 
wheel, is not difengaged the moment the rollers are call 
out by the wire 9 and catch ci;, in the manner wc have 
juft deferibed, bccanfe the lever, T, carrying that wheel is 
provided with a catch, fimilar in its properties to ey, that 
is, it holds the wheel, R, in its. work until the carriage 
has run a yard and a half, and then it feizes a wire com- 
municating with this catch, thus difengaging the catch 
holding up the lever T: the Mendoza wheel then falls 
back, and the drawing-out movement of the fpindies ceafes. 
This catch and wire are not (hewn in the figures, as it would 
produce much coiifufion, but being fo exa&y fimilar in this 
aftion to the catch w, and its wire 9^ they may be eafily 
imagined. 

Wc have now to defcribe the manner in which the rota- 
tion of the fpindies is caft in and out. The reader, if not 
confufed by the complication of this machine, may remem- 
ber that we explained the connc6tion from the wheel M, by 
means of the endlefs cord #, to the wheel im, and thence to 
the vertical drum turning the fpindies. When this motion 
is to be thrown in and out, it is done by fhifting the main 
ftrap, driving the whole machine on the live or dead pulley 
K, fig^ 3. The ftrap is guided by paifing through an 
eye or loop at the extremity of a lever, W Y, fixed on a 



394 

vertical axis 12. On the lower end of this axis is a long 
lever and at right angles to this a fhortcr lever, which 
being feen endways is not apparent, but it advances feme 
diftance forwards from the centre of the lever, and Ijas a wircr 
14, jointed to ir, which is extended to a lever 15, againll 
which the carriag e runs when it is puflicd home, and the fpin- 
dies arc clofe up to the front rollers. When this happens it 
draws the wire 14, which acJiling on tlie (liort lever of the 
axis, i2> turns it roun<i, and the lever Y W with it, fhifting 
the main llrap from the dead to the live pulley K, atul thus 
putting the whole machine in motion ; at the fame time that, 
by the operation we have htforc explained, the Mendoza 
wheel is thrown in, and alfo the movement of the rollers. 
The former of thefe draws back the carriage, till, as dc- 
feribed, the catches are releafed, and the movement, firil of the 
rollers, and then of the Mendoza wheel, arc thrown out. At 
the moment before this happens, the carriage intercepts the 
end of the lever 13, which is formed like an inclined plane: 
it is therefore thrown outwards by the carriage running 
a'gainll it, and the end of the lever, W, being at the fame 
lime moved, it fliifts the (trap upon the d(‘ad pulley, and 
the motion of the whole machine ceafes. The attc ndant to 
the machine now takes hold of the handle and purties 
the whole carriage back again, till the fi'indle comes clofe 
home to the rollers ; then by the carriage ilriking the 
levers 15 and P, it thifts the ftrap to the live pulley, and 
puts the fpindlcs all in motion together, at the fame time 
caib, in the motion of the rollers, to give out the roving ; 
and alfo it calls in the Mendoza wheel, which traverfes back 
the carriage and all the fpindlcs to take up the roving as 
fall as it comes from the rollers, twilling it by the motion 
of the fpindles all the time. 

To deferibe the operation of this in jenioufly conftru£lcd 
machine, wdll be only to recapitulate movements which we 
have repeated fcveral times over ; but this recapitulation wdll 
give the order in which they fuccced each other. The man 
or woman who attends the mule (lands in front of the fpin- 
dles, St fuch a dillance from the right-hand end cf the 
frame that he can conveniently reach the handle L. In the 
■other hand he holds the axi®, I, of the wire H, Suppofc, 
to commence, that the fpindles are cloler to the rollers, then 
the movement? fucceed each other as follow ; 

I. The lever 15, being thruil back by the carriage run- 
ning agaiiill it, draws the wire 14, and by the lever, W, 
Ihifts the ftrap upon the live piil’ey, putting the w^heel M, 
and the wheels /, with the endlcfs rope /, the wheel w, and 
all the fpindles in morion. 

2% The end of the lever, P, being prefTed by the carriage, 
engages the wbeel for the motion of the rollers, and they 
begin to deliver out the roving at the fame time. 

3. The Mendoza wheel is call into gear, and begins to 
caufe the carriage to retreat from the rolhu'S as fall as they 
give out the roving. Thefe firll, fccond, and third motions, 
all happen at the fame inftant. 

4. The fpinning of the rovings is now performed by the 
above motions, the fpindles twilling the rovings as fall as 
they arc* given out ; but flie motiiin of the rollers is fo 
quick, that the twdft now given is flight, but having thus 
extended, or taken out, a yard in length from each fpindle 
to the roller, the piece of iron y, Jig* i, on the carriage, 
meets the end of the lever /, and 

5. Difengages the wheel-work for the rollers, w hich are 
therefore Hopped, and deliver out no more roving ; but the 
retreat of the carriage and the twine of the fpindles con- 
tinues for another h^f yard, ftretching out the thread, and 
twiftin^ it, till the piece of iron, ji, meets the catch of the 
«cxt wire, which is not drawn in the figure, and 
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6. Difengages the Mendoza wheel, confequently the car- 
riage draws out no farther* The thread being fufficieotly 
extended and twilled, 

7. The carriage takes hold of the end of the lever 13, 
and thus Ihif s the ftrap to the dead pul ey K,^, 3, and 
the motr n of the who'e machine ceafes. 

8. The attendant, l)y turning round the axis, 'I, of the 
wire 11, p’-efles down all tlic tlireads together from the 
points of the fpind cs to the middle of the coppin, in the 
manner of 5 ; the.) 

9. Taki‘3 hold of tlK* winch L, to regulate the winding 
of the thread on the coppins, when he 

10. Drives the carriage home to tlie rollers. In this mo- 
tion the fpindlcs all revolve, and lap up the thread upon the 
coppins. The revolution is caufed by the endlcfs rope /, 
which may, when the machine is Handing Hill, be con- 
lidered as a ftalionary rope adting upon the wheel m. and 
the drum for the fpindles, and as tlieir centres traverfe, 
turning them all round, on I he fame principle as a carriage 
wheel 13 turned by rolling on the iintjonary road. In like 
manner m is turi'ed, by moving along while the rope, /, is 
iinniovcablc, N' W the quantity of uiotion, or the number of 
revolutions the fpiudles will make during this return of the 
carriage, is, in ail cafes, tlie fame, and the quantity of thread 
to be wound up is always the fame ; but it is evident that it 
will require n greau'r number of revolutioud to wind up 
tlie length (i’ yard) of thread, when winding upon the 
f])indlc, or upon the ciivurnfcreuce cf a fmall c ppin, than 
when the lame coppin it> inercafed by the accumulated thread 
to ten or liftccn times the fi/c of tlie fpindle. I'o accom- 
modate this, it isncceflary for the fpinner to have the handle, 
L, in his hand, becaufe he can, by turning this one way 
or the other, add or ciminilh fo much to the number of 
turns the fpindle will make, as will jull take up the thread as 
fall as the carriage advances towards the rollers. Thus, at 
firll beginning, when the coppins are fmall, the handle, L, 
will require to be turned forwards a confiderable quantity, 
to make them wdiid up the thread fuffieienily fall : but as the 
lize of the coppins ircreafe, they will come to fuel) a dia- 
meter, that the handle requires to be held quite Hill. The 
motion given to the Ipiiidles by the return of the carriage, 
being then juft equal to wind up the thread at the proper 
rate, any increafe of the dimenlions of the coppins after 
this will require the handle, L, to be turned backwards, 
to diminilh the motion of the fpindlcs, or they would wind 
up too fall,, and break the threads. 

The fpinner accommodates the motion of the handle, L, 
fo cXfuSily by habit, an to keep the threads always to that 
degree of teufion as will make the coppin compact, but not 
injiin* the thread ; at the lame tim'*by the other hand, which 
holds the fpindle of the wire H, he la) s the i bread regularly 
on ll e length of the cop. 

The carnage, having with tlicfe precauMuns bren wheeled 
up clofc to the rollers, the feveral eperationa arc repealed 
as before ; and thus tlic mule conlimies to fpin a yard and a 
half upon each fpindle every time it is drawn out, and then 
wind It up on the fcveral coppins. A good fpinner will 
draw out 3000 limes day of a mule with 240 fpindles ; 
and many women will attend two niachines, having them 
placed oppofitc to each other ; and while one is drawing out 
flie will thruil home the other. This makes loS, 000 yards 
per day upon each m'de, or both together will make more 
than 1-200 miles to be fpun in one day by one woman ; who, 
on the old method of the hand- wheel fpinning, on which 
the mule it an improvement, would only have managed 
fingle Ipindle, inllead cf 480 ; ntid this Angle fpindle would 
not have fpun half the quantity of any one in the mule ; and 
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with refpe£t to the regularity and accuracy of the thread 
tio comparifon can be drawn, A mule of 240 fpindles has 
nine drums in the carriage to turn them ; all the length, 
therefore, is nine repetitions of fg. 3, which only contains 
the fpindles turned by one drum. 

The motion of the mule can at any time be flopped, if 
a thread break, or any other accident happens, by means of 
a long wooden rail, Y, which is joined to the end of the 
lever W Y, and extends along over the whole length of 
the rollers, fo as to give the fpinner the means of Hopping 
the mule when (landing oppofite to any part of its length ; 
for it is evident, that by thrulling this rod one way or the 
other, the (trap will be (hifted either on the live or the dead 
pulley, Hopping or putting the wheels in motion at plea- 
lure. 


The thread ^un upon the mule is much fofter, and has 
a fmoothcr furface than the water-twill : this is owing to 
the manner in which the extenfion of the thread is made, 
after it has been twilled (lightly, and the fibres thereby com- 
prelTed together in fome degree ; for the effedl of llretch- 
ing a flightlv twilled thread is, to draw all the ends of the 
fibres into it. All thefe fibres having alTumed a fpirally 
curved form in the thread, by drawing or ftretching them 
out in the length of the thread one among another, thefe 
fibres are drawn along with a fpiral movement, and all their 
ends are I bus brought into, and concealed in the body of the 
thread. Tliis operation, at the fame time it makes the furfacc 
of the thread even and fmooth from projedling fibres, in- 
creafes the llrenglh of the thread by bringing them all into 
ufe; and the ftrength obtained by this means does not 
require the thread to be twilled hard, but leaves it foft and 
pliable, which is the great recommendation of the mule- 
twill. 

The thread thus fpun, either by the water-frame or mule, 
has many other operations to go through to prepare it for 
the market, w’here it is to be fold to the weaver or manu- 
faflurer. The chief end of thefe operations is, meafuring it 
out in lengths, weighing it to afeertain the number, and 
packing it up for carriage. The llrll machine the thread is 
taken to after fpinning is 

The Reel : fee Jigs* i and 2 of Plate XII. The farmer 
being an elevation of the end, and the other an elevation in 
front, a very fhort explanation of tliis machine will fuffice ; 
its framing and fome other parts being evident. A A is 
a row of the bobbins of the fpinning frame, or for mule- 
twill, the coppins of the mule Ituck upon pins, on which 
they will revolve freely and give off their thread, ^^9^g* 1, 
is another row placed behind the former, and arranged in 
the intermediate fpaces between the bobbins of the firll 
row, which arrangement is nccelTary, becaufe the bobbins 
would touch each other if all placed fide by fide. The 
threads for thefe bobbins are conduced between feveral 
pins or wires, iluck up in a rail of wood D, and each thread 
IS twilled once round one of thefe pins, that it may be drawn 
off v;irh fuch a degree of force, from the fridion thus oc- 
cafioned, as will caufe the thread to lap or wind with a 
fufficient tenfion upon the reel E E, which confills of a 
horizontal (haft E, from which three fets of arms, F, pro- 
ceed, fupporting iix rails, G, G, parallel to the axis, and 
upon thefe the thread is wound, as (hewn in the figures at 
r. The dimenfions of the reel is fuch, that it takes exadly 
a yard and a half of thread to make one turn round it : 
this, therefore, is the meafure of length, and the mecha- 
nifm which remains to be deferibed is for the purpofe of 
counting the number of revolutions it has made. The reel 
is turned round by means of a cog-wheel, H, on the end 
of the fpindle : this is turned round by a wheel K, on the 


axis of which is a pulley M, to receive an endlefs rope, 
which is turned round by the mill ; but the bearing for the 
pivot of the axis, E, is fitted in a groove, formed on the 
top rail of the frame, fo that the wheel, H, may, by Aiding 
the bearing in this groove, be difengaged from the teeth of 
the wheel K, and then the movement being thrown out of 
gear, the reel Hops, On the oppofite end of the axis of 
the reel, a pinion, of 14 teeth is fixed, which turns a 
bevilled wheel of 28 teeth on the upper end of a vertical 
axis bp which has an endlefs ferew upon it, turning a wheel* 
4® teeth, on the axis of which is a pinion of 
eight leaves, turning a wheel, ep of 56 teeth. This wheel 
has a fmall circular ring fixed on the face of it, which is 
formed like a fnail on the front edge, that is, its furfacc is 
not parallel to the plane of the wheel, but is inclined to it 
in fuch an angle, that in turning round it operates upon a 
l^ver, to move it backwards and forwards, and this mo- 
tion is, by means of a vertical lever, hh^ communicated to 
the rails, A B and D, at the top of the reel, which carry 
the bobbins, and alfo the pins, D, that guide the thread, 
and having thus a (hort traverfc motion parallel to the axis 
of the reel, the threads are laid regularly by the fide of 
each other, without overlaying each other in one place, as 
they would do without this motion, and by thus enlarging 
the diameter of the reel, the thread that winds upon the 
meafure would be incorreft. 

By calculating the numbers of the train of wheel-work, 
a, bp dp &c. which we have before explained, viz* by mul- 
tiplying the number of all the pinions together, and 
the number of all the wheels together, and dividing one 
fum by the other, thus, 14 x i X 8 = 112, the produdH 
of all the pinions ; again, 28 x 40 x 56 ss 62,720, 
the produA of the wheels. Divide 62,720 by 112, and 
the refult is ^60 ; therefore the wheel ep of 56 teeth, 
will make one turn for 560 turns, or bouts of the reel. 
The wheel d makes ©nly one-feventh of this number, or 
once for 80 bouts ; and a pin being fixed in the back of its 
rim, feizes the tail of a bell, w, once for every turn it makes, 
confequently this bell rings at every 80 bouts of a yard 
and a half each, = 120 yards of thread wound upon the 
reel. The reeler, in beginning, makes the end of each thread 
fall to one of the rails, G, of the reel, then calls it on, and 
fets it going until the bell, w, rings ; it will then have made 
80 bouts, or reeled : 20 yards, which is called a ley. The reel 
is Hopped the inHant the bell rings, and every one of the 
leys of thread, r, rpjig. 2 , is tied up by a piece of thread 
to keep thefe 80 bouts diHindl ; then the reel is fet on again 
and another ley reeled, which is tied in its turn ; and when 
feven leys have been thus done, it makes 560 bouts, or 840 
yards, which length is called a hank ; the feven leys com- 
pofing it are tied all together, the ends of the thread cut 
off, and the hanks are removed from the reel. They are 
got off by what is called linking the reel, to do which, the 
arms fupporting one of the rails, G, are divided acrofs in the 
middle of each, and united by hinges. When the arms are 
fet Hraight, and kept fo by a fm^l bolt, the reel is of the 
true dimenfions ; but by withdrawing the bolt, and bending 
the arms on the hinges, the rail falls in towards the centre, 
and the reel is fo dtminitlied in fize, that the hanks hang 
Hack upon it, and can eafily be Aipped off at the end of 
the reel, which is lifted off its bearings for that purpofe. 

A reel ufually winds 50 bobbins at once, and the prin- 
cipal care of the attendant is to watch the bobbins, fupply- 
ing others, and tying the ends of the threads as faH as they 
are exhauHed. 

The haiiks are now twified up into a knot, by catching one 
end of them over an iron hook fixed to die wall, then put- 
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ting a fmall iron rod in the other end» the hank is twifted up 
very hardf ufing the rod as a lever to turn it round* To 
prevent its untwifting again^ it is taken by the middle of its 
lengthf and without fuftering the ends to entwine it is dou- 
bled, then the ends are rcleafed, and the two halves twiil 
over each other, forming a bundle or knot o£ thread, re- 
fembling a piece of thick rope, about eight or nine inches 
in length, and perhaps two inches girt. The hanks, being 
thus all knott^, are weighed, to afeertaia their number* 
The weighing inftrument confills of a ihort pendulum, from 
which an arm proceeds on each fide, at top pafling through 
the centre of fufpenfion, fo that it refembles the letter T. 
From one of the horizontal arms a hook is fufpended, by 
which the hank is hung on ; and at the end of the other 
arm is an index pointing to an arch which is divided, and has 
figures upon it, (hewing how many of fuch hanks (as the 
index is brought to by hanging any one upon the hook) will 
weigh a pound* The divifions arc made by experiment, and 
frequently verified by means of fmall leaden weights, which 
the overfecr is provided with. 

As fad as the number of the feveral hanks is determined 
by this index, they are thrown into different bins or fhelves, 
and when they are to be made up for market, as many hanks 
of any number as will weigh ten pounds are counted out, 
weighed, as a check upon the weighing inftrument, and 
packed up in paper, forming a fmall fquare bundle, which 
is made compadt and tight in the bundling-prefs. This is 
a fmall fquare cheft, of about eight and a half inches by 
nine and a half, formed of vertical iron bars fee upon a 
table, and a lid of iron bars (huts down over the top, with 
bolts or other faftenings. The bottom of the cheft is move- 
able up and down by means of a rack and pinion, a ferew 
or other means, whicli will enable the workman to give a 
great prefTure upwards. The hanks are packed clofely into 
this cheft with paper round them, and the whole number 
being packed in, the lid is (hut down and bolted upon them ; 
then by turning a handle the bottom of tlie prefs is raifed 
up, and comprefics the bundle together into as fmall a 
compafs as is required* The bundle in this ftace is tied 
round with feveral firings, the interftices between the iron 
bars compofing the prefs leaving fiifiRcient room for the 
admiflion of fuch ftrings, and for the knots to be tied to 
confine the bundle. In thefe bundles the greateft portion 
of the twill is fent to market; but what is called hard 
twift, muft be twitted two threads together, as is alfo ftock- 
ing-yarn. Such thread as is intended to be doubled for thefe 
purpofes, is taken from the fpinuing-frame to the 

Doubling machine, inftead of the reel* Here the threads, 
two togemer, are wound upon bobbins, as preparatory to 
twitting them round each other. See Plate XIIL, Jigs, i 
and t, which reprefent a doubling mill ; in front^. j, and 
endways at 2 , A is the pulley which is turned round 
by the mill: this pulley is loofe on its fpiiidle, but has a 
clutch or locking-box at the back which conneAs it with 
ks fpindle, when the upper end of the lever, B, is moved 
towards the machine. But when it is moved the other way 
the machine (lands ftifl, though the pulley cotitinuea all the 
time to turn round. A wedge, a, being put on either fide 
of the lever in its mortife through the piece of wood D, 
xetains the pulley, A, either unlocked or locked in gear, 
with the (pindle which is fixed in the end of a throiUe- 
eyliader, K, and by bands turns all the fpindles, b, toge- 
ther. The bobbins of the fpinning-frame are (luck upon 
pins in the top rail, E, of the frame, and the threads defeend 
to wires, d, round wliich they make a turn, two threads in 
company, to produce a fri&ion, as before explained, fuffi- 
cknt to lay w tunu on the bobbin of the fpindlesi b^b. 
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tight and even. The threads then go through wire ftaplew 
or eyes fixed in a rail, F, fituated oppofite to the bobbins 
r, e, which are (luck fail on the upper ends of the fpindles 
b, b, and bei^ turned thereby, wind up the thread from the 
bobbins at £ : the rail, F, is adapted to rife and fall pa- 
rallel to itfelf, being attached by radial bars to an axis 
moving on centre pins fixed in the frame. Its motion is 
occafioned by an iron rod, f, which is jointed to it, and 
connefls it to a lever, g, fixed on an axis ; and at the ex- 
treme end of this is a lever, h,Jig. 2, retting upon the cir- 
cumference of a heart, h, fixed on the face of a cog-wheel #. 
This is turned by a pinion fixed againft a wheel h, which 
receives its motion from another pinion upon the end of the 
fpindle of the throttle cylinder R. By this train of wheel- 
work the heart is (lowly turned round, and raifes and falls 
the lever, &, at the fame time giving a (imilar motion to 
the rail F, and by that means regulany winding the thread 
upon the bobbins r, e, which are turned rapidly round by 
the motion of the vertical fpindles b, b, which receive their 
motion from the throttle cylinder, R, by the bands, as be- 
fore deferibed. The bobbins are fuch as (hewn feparate at 
X, and have a hole through them exaflly fitting the conical 
end of the fpindle, on which it tticks fo fail, that the bob- 
bin will, by the motion of the fpindle, wind up the two 
threads together off the bobbins at E. When the bobbins 
are filled with double thread, they are removed to the twift - 
iiig-machine, if it is intended to make ttocking-yarn, or if 
it IS to he what is called hard twift, for fewing, knitting, 
or mending'Cotton, it is done in the water-frame, which, 
however, undergoes fome alterations, viz. the fpindles are 
made to turn about in a contrary diredion to that in which 
they moved to fpin the thread. It is done by turning the 
whole frame the other way about, but as this w'ould make 
the rollers move tlie wrong way, the pinion at the upper end 
of the fpindle of the binder is placed at the outfide ipttead 
of the in fide of the face-wheel on the end of the front 
roller. The rollers then turn the right way about to de- 
liver the thread to the fpindle, but the back and middle 
rollers are removed, as it is not required to draw out the 
thread, the rollers being merely wanted to hold the threads 
fall whilft they arc twitted one about the other, and to de- 
liver it regularly to the fpindle, whicli operates in the fanw: 
manner as for the fir ft fpinning, except that it twills in the 
contrary dire^lion ; becaufe when any two threads are trt 
be turned together, it mutt be done by a contrary twill to 
tJiat which compofed the two feparate threads themfelves. 
After fpinning this hard twill it goes to the reel, and is treated 
in all refpeds as other twill is. When it is merely required 
to twine the two threads (lightly together for llocking-yarn, 
the bobbins of the doubling-machine, when filled with double 
threads, are carried away to 

The iwyi'ing-machinet fee Plate XIII., 3, of which i9 
an elevation endways 5 and fg. 4, another elevation taken in 
front. In this, A reprefeiits the live and dead puDies turn- 
ing the whole machine : the ft rap is conduded through an 
eye at the end of an iron branch a, affixed to a rod or beam 
B, which Hides in guides beneath the machine, and can be 
moved endways by means of a lever which coiiie.s out in the 
middle of the length of the machine, and the attendant, by ao- 
plying his foot to this lever, and moving it Tideways, (hifts 
the beam B, and the eye at the end of the branch, a, guides 
the ilrap upon the dead pulley : the machine then (lands 
dill. The live and dead pulley is fitted on the end of the 
fpindle of the throttle cylinder D, which, bv bands going 
to both fides, turns a double row of vertical (oindles on each 
fide, £ e and F /, the internal row on either fi^ being 
placed oppofite tiie fpaces between the outer row, So that 
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fKe fpindlos are ntJd crowded too clofe together. On thefe 
fpindles the bobbins are fluck in the fame manner as thofe 
of the doubling-mill } and the threads proceeding from the 
bobbins are condufted through wire eyes, which are fixed in 
rails, G, of the framing, then each twifted thread makes 
a turn round a wire fixed in the rails, H, jufi above G, 
and thefe have a flight traverfe motion backwards and for- 
wards, by which they lay the thread evenly upon the reels, 
I, K, which take up the threads, as before deferibed, of the* 
reeling-machine* The reels are flowly turned round by a 
train of wheel- work from the main fpindie of the pulley 
A. This train confifts, fir ft, of a pair of bevillcd wheels, 
one on the main axis, and the other at the lower end of a 
vertical fpindie L, which at the upper end has a pinion 
actuating another wheel, r, upon the middle of a hori- 
zontal axis, which at each end carries a pinion, turning 
wheels; M, N, on tlic ends of the pivots of the two reels. 
The proportions of the wheels are fuch, that the reel turns 
once for about 24 turns of the main throftle D, or about 
one for every 72 revolutions of the fpindles, and as the reel 
is a yard and a half about, the thread wdll be twilled about 
7 2 times in that length by the rotation of the bobbin and 
the thread with it. The motion of the reel draws the 
thread off the bobbin as fall as above-mentioned, fo that 
the proportion of the wheel-work determines the quantity 
of twift which (hall be given in any certain length. The 
reels are provided with counting wheel-work of the fan?^ 
operation as that before explained in the reeling-machine. 
Thus, on tlie end of the fpindie of the reel ia a pinion 
turning a wheel i, on the axis of which is a ferew turning 
a wheS kf and this has a pinion on it turning a wheel, w, by 
means of the intermediate wheel /. The fpindie of this 
latter wheel has a nail fixed upon it, which operates upon a 
lever the lower end of which prefTes againft a crofs-bar, 
connecting the rail, H, with its fellow. On the oppofite 
fide of the machine there is another limilar crofs-bar at the 
other end, and the tw'o rails being thus united, ibrm a frame 
which is fupported on iron radial bars^,^, v/hich move upon 
centre pins fixed in the rail, G, of the frame ; fo that tlie 
frame, with the rails H, H, has a free motion to trawfe 
without fridion, and guide the threads to lay regumrly 
upon the reels I, K. At the oppofite end of the &a0e a 
firing is tied which pafTcs over a pulley, and has a wetglU, r, 
fufpended from it, which always draws the frame ooe Way, 
and tends to keep the upper end 6f the lever, n, in gwttad 
>with the fnail upon the axis of the wheel m. Tins axis 
has alfo a pin projeding from it, which every time the torn- 
die turns round, rings the bell P. The motion of the 
wheel-work is fo calculated, that the bell fhall ring onco 
for every 280 bouts of the reel, and the fize thereof is 
fuch, that this 280 bouts (hall mcafure 420 yards, being the 
length of the double thread hank, r, equal to half the 
length of the fingle thread hank, which is, as before men- 
tioned, 840 yards, and the number of double thread yarn, 
is according to the number of thefe hanks ol 420 yards 
each to the pound. The reels, I, K, when fiUed, are ftruck, 
and the hanks taken off them in the fame manner as tlie 
reeling-machine before delcribed. , • • 

I/ar/i which is intended for fewing, knitting, or 

mending-cotton, after being twifted and r^led in ha^s, is 
fent to the bleach-field, and bleached by fome of the pro- 
cefles defenbed in our article Bleaching. 

But the procefs which is moft generally m ulc for bleach- 
loff yarn, is thus cendu&ed : an earthen-ware retort is 
filYcd with one quart of oil of vitriol, two 
fait, and one quart of the ore of manganefc. The hood ot 
the retort being put on and lutrdf it is let over a unaU 


ftovc or fand-bath, and the heat foon raifes from it ti e 
oxygenated muriatic acid gas, which is received in a fquare 
wooden clicft, about feven or eight feet fquare, and as many 
deep, fornnng a fniall air-light chamber, in the upper part 
of which the goods are fulpended upon a rack or frame. 
The lower part of the cheft, for about three feet deep, ia 
filled with water, fometimos impregnated with a ley of pot- 
afh, and fometimes with lime-water, or water mixed with 
lime. The gas is introduced betwixt the fluid and the 
goods, amongft wliich it afeends, and by its a£Uou upon 
any colour tliey may contain, renders them white : at the 
fame time, by occafjonally immerfing the goods in the 
fluid below, it is fought to modify the adtion of the acid, 
and prevent the operation proceeding too rapidly. This is 
cfFeded by means of a pole or long rod connefted with 
the frame on wlncli the goods are fufpended, the centre of 
which pole moves on a fwivcl fixed in a hole in the parti- 
tion, or lid of the chamber, which is occafionally flopped 
with clay, and enables a perfon to raife the goods by 
means of a fmall crane, or, at pleafure, to let them down 
into the fluid, not always, however, without inconvenience, 
which occafioncd it the name of the Bedlam procefs^ av 
the workmen, if they inhale the gas, are ilupified. 

Previoufly to the yarn being fiibjcdled to the adfion of the 
gas, it is boiled in a ley of pearl-afh^s, then milled for 
twenty minutes in a fulling mill, and the hanks are hung 
upon the racks or crofs rails of the fquare frame in which 
they are fufpended, to be let down into the blcaching- 
chamber. This frame is, as before-mentioned, attached to 
a long pole, that fufpends it from the crane, which being 
fwung over the chamber, is let down therein, and the lid is 
clofed over it. the joints being made tight with clay, and 
the pole coming through a hole in the lid, which is care- 
fully made tight round it by a wet cloth. The gas is now 
admitted to the chamber, but the yarn is not fubje6tcd to 
its aftion more than ten minutes before it is let down and 
immerfed into the liquor at the bottom of it, which thus 
defends it from the action of the gas for a few minutes, until 
it becomes thoroughly wetted, when it is drawn up again 
into the gas, and remains in it for half an hour to be 
bleached: it is then let down again, for a few minutes, 
into the liquor to wet it ; it is then drawn up again, and in 
this manner the procefs continues, until fuch time as it la 
known, by experience, that the yarn will be fufflcicntly 
bleached. The frame is drawn up by the crane, and the cot- 
ton removed from the rails on which it hangs, and being 
rinfed in clean water, is carried out and ipread on the 
grafs in the fields, to be fubjedled to the fun and air, by 
which the bleaching is completed. It is not the bufineis 
of the prefont article to enter into the theory or chemical 
principles of this procefs, which will be found under the 
article Bleaching. 

After the hanks are returned bleached, the yarn is found 
to be much lighter, fo that it will generally be two num- 
bers higher ; thus, cotton of 48 hanks to the pound 
being lent to bleach, will return fo much diminilhed in 
wei^t, as to require 50 of the hanks to weigh a pound. 
But this rule is not fo cxa^l as is requifite ; the thread 
mull therefore be reeled over again, weighed, and jpacked. A 
great proportion of the fewing cotton is wound into balls 
of a very beautiful appearance by a curious winding ma- 
chine. As a preparation to this winding, the thread mult 
be wound off the hanks in which it was bleached to large 
bobbins. This is done in a machine provided with feveral 
fpindles, like the doubling machine, upon which bobbins are 
ituck, and the thread wound on them from the hanks, 
when xh&f are extended or ftretched out between two pul- 
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KH| or fmall reeh, on which the hank revolves in the 
manner of an endlehi band. Thefe bobbins are taken to 

Bidl WimUnf Machine^ fee Jigu 3. and 4. of Plate XI T. 
the former being a plan of the adding parts, and the latter 
an elevation of the whole machine on a ffKaflcr fcale. In 
Jig. 4* A is the bobbin from the winding machine, which 
is fluck upon a pin projeftirg upwards from the bench, and 
a fmall lead weight is laid upon tlie top of the bobbin, to 
load it, and caufe fuch a fridion as will make the thread wind 
with a proper teniion upon the balL The principal part 
of the machine is a fpindle B, which is perforated through 
its length, and receives the thread : it runs, in bearings, at 
the top of two ftandards j, 5 , and at the extreme end of 
the fpindle, beyond the front ftandard. a flyer or branch, D, 
18 fixed, and the end, #/, of it therefore deferibes a circle 
when the fpindle, B, turns round by the endlefs band 
which furrounds the pulley E, and gives it motion from 
the mill. The fpindle has an endlefs ferew cut upon it, 
turning a wheel, G, at the upper end of the vertical fpindle 
P> which, at the lower end, lias an univerfal joint, e, con 
n^ing it with an inclined fpindle H : this, at the lower 
end, has a fmall bevilled wheel, h, turning another, /, on a 
fmall vertical axis, carrying, at the upper end, an univerfal 
joint, which communicates motion to an inclined fpindle I, 
end this, by another fimilar joint at 1, connefts with a ver- 
tical axis r, which has a pinion, turning a wheel /, upon 
whofe fpindle, #«, the thread is lapped to form the ball, as 
(hewn in Jg. 3 : the fpindle, m, is fupported by a piece of 
metal, K, formed like the letter L, and moveable on a cen- 
tre pin n, which is fituated exactly in a line with the fhort 
vertical axis of the wheel /: M is a circular plate, on which 
the piece, K, refts, when turned about on its centre pin u, 
and N is the handle by which it is turned about at pleafure 
upon it. The two fpindles, B and w, are, as (hewn ^nfig, 4, 
m the fame level, but are capable, as (hewn in Jig. 3, ofbeing 
fet at any angle to each other by inclining m on its centre 
pin n, and this being in the line of the fpindle of the 
motion does not tend to lengthen or (horten the fpindles 
I and r; but they always convey the motion, communi- 
cated from the fpindle, B, means of the axes P' H I and r, 
to m, by the fcveral wheels G, jT, i, and /, which have been 
deferibed : they are fo apportioned, that the fpindle, m, turns 
only once for 48, 60, or 7a revolutions of the fpindle B. 
Thefe different numbers are ufed in different machines, and 
the appearance of the ball they will wind materially de- 
pends upon thiacircumdance. 

To explain its operation, fuppofe the fpindle, m, inclined 
to B, as in Jgf 3, the rapid motion of the fpindle, and its 
flyer D, (over the point, d, of which the thread is conducted) 
laps the thread round the fpindle, m, in an oblic^ue diredion. 
At firff, the ball thus formed has no regular figure, but as 
the thread accumulates and forms a Gone, the lapping of 
the thread in a regular order begins and continues, as in 
fig* 3 f here it is feen, that the motion of the flyer will lap 
the thread obliquely upon the ball from one end to the other, 
as the figure (hews j but at every fucceeding revolution of 
the fl^rer, the ball itfelf has made part of a 

revolution upon its own axis m, according to the propor- 
tion of the wheel-work, and thus the thread is not always 
difpofed on the fame oblique line, but on another parallel 
to and removed’ a fmall diflance from the former. Now 
It it plain, that the thread on tlie underflde of the ball 
muff oe inclined in a contrary diredion to that 'lapped on 
the upper fide p therefore, when the ball is looked at, the 
ohiique threads of every alternate layer crofs each other, in 
ite saamifr of the figure. Tlut will| however, be much 


MANUFACTURE 

more readily underflood from an infpei^ion of a ball of 
this kind, than from any verbal defeription. Tlie length 
of the ball depends upon the angle which the fpindle, 
makes with the fpindle B ; it can, therefore, by (hifting the 
handle N, be wound off of any required figure ; but the moft 
general method is, when about one half the (ize of the ball 
18 wound, to give the fpindle a greater degree of obliquity ; 
this occafions the ball to wind longer fix>m that period, as 
well as a greater diameter: the confequence is, that when the 
ball is firnflied, on looking at the end of it a circular hollow 
is feen in it, as though it had hecn turned in a lathe, and fome- 
times a thin membrane, conlifttngof about two or three layers 
of thread, is extended nearly acrofs the end, leaving tlie 
hollow beneath, which can be feen into from a fmall hole in 
the end. This membrane is made by fetting the handle, N, 
at the greatell angle it will make, the thread then not only 
lays over the whole furface of the ball, but is ftretched 
partly acrofs the end of it ; and the interfcAion of a great 
number of thefe forms a traiifparent membrane, which has a 
circular hole in the centre. After laying this layer two or 
three limes over, the handle, N, is returned to its original 
angle, and winds the ball as at firft. 

The bench or table R R, on which the machine (lands, is 
made Ibng enough to contain fourteen fpiedles, all placed in 
one row ; and a throftle cylinder, running along under the 
bench, gives motion to them all at once. Two children aU 
tend the whole fourteen, which they can readily do, having 
only to lap the thread, at the beginning, upon the fpindle m, 
and then, when the ball has arrived at a certain fize, to turn 
tlie handle N ; but the period or quantity of this alteration 
is not of any great imporiance, as it only influences the 
figure of the ball, and, as we before deferibed, thofe fancy 
omaments within the hollow end : thefe may, by great at- 
tention in frequently and artfully (hifting the liandlc N, be 
made very delicate and beautiful. The machine wc have 
juft deferibed was made after a model of a machine invented 
by Mr. Brunei), who firil devifed the means of connedling 
the fpindles, B and by wheel-work. The machines, 
before this, were turned by endlefs bands, from the prin- 
cipal cylinder which gave motion to the whole. The defedt 
of this method was, that the relative diameters of the wheels 
could not he fo cxadlly proportioned, as to produce one 
turn of m fbr cxadly forty-eight, &c. of B; that the 
threads of the fuccefTive layers would lay cxadly one over 
the other, becaufe the leall variation in this refped would 
greatly injure the effed of the ball. But in the machine 
before us, the motions are fo accurate, that, on infpeding 
the ball, it appears honey-combed, or confiding of regular 
cells, which gradually diininilh in fize as they approach the 
centre:, the partitions between thefe cells are only one 
thread in thicknefs, but confifting of a great number, 
ftretched fo exadly over each other, that they form regular 
plane fides to the interior of the fcveral cells. 

We have now prefented our readers with all the ope- 
rations of cotton-fpinning ; but thefe operations are con- 
duded on fo grand a fcale by many manufadurers, that the 
fyftem of their management, the arrangement of the build- 
ings, the conftrudion of their Mater-wheels, ileam-engines, 
or other firft movers, and many other particnlitrsi are no lefa 
adtnirable, and worthy of defeription, than the machines 
thcmfelveis. To deferibe all thefe curiofities of the cotton 
trade would fill a volume ; but we muft content ourfelves 
with deferibing one plate, which contains drawings of one 
of the moft complete cotton-mills we liave ever viuted. It 
is one of the four mills at Helper, in Derbyfhire, belonging 
to Meffrs. Strutts, whofe very extenfive works contain al- 
moft every improvement in the cotton trade. The whole of 
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tKcfc mill* 18 built fire-proof, being without any timber 
beams in the floors, or much wood work of large fize in any 
of the machines, which makes them very fecure from danger 
by fire. 

I. of PlaU XIV. is a longitudinal fe£lion of the 
whole mill, (hewing all the floors, and all the machines upon 
them, at one view. Fig. 2. is a fettion, acrofs the length 
of the former; and Jig. 3. is a fimilar crofs fedion of the mill, 
and, at the fame time, a longitudinal fe6tion of the wing, 
which extends from the centre of the mill, at right angles, 
to its length ; fo that the plan of the mill is of the figure of 
the letter T. We will firft explain the manner of building 
(ire-proof mills without timber, which has been adopted by 
Mefl'rs. Strutts in their very extenfivc works. 

The fide walls A A, B B, and the end walls C C, D D, 
are built up as ufual, and with the ufiinl doors and windows 
in them ; the feveral floors, E, F, G, H, I, K, are compofed 
of brick arches, as (hewn in the figures. In^. i, thefe 
arches are (hewn cut acrofs the fpan ; and in Jig. 2, they 
are (hewn cut through the crown, parallel to the axis. 
Theie arches have a very fmall rife, and their fpan is nine 
feet from one to the next. The abutments, or fpringings 
of the arches, are fupported by iron columns, a, a, as Aewn 
an the figures, which are ere^lcd, one upon an<»iher, in the 
feveral floors, through the whole height of tlie mill. They 
are connefted by call-iron beams or girders, I, (hewn in 
Jig. 2, one of which extends from the top of every column 
to the next, and forms a fupport or fpringing for the arches. 
In an oppofite dire£lion to thefe girders, every pair of the 
columns, <t, are tied together, acrofs the arch, by a 
wTOiight iron bar, which has an eye at each end, to be 
booked over the tops of the columns, and keep them tied 
together, refilling the lateral thrull of the arch, and pre- 
venting the columns from being thrull afundcr from each 
other, as they would otherwife be. Thus, though every 
fl'or is formed of a fyftem ot arches, like a bridge, as (heWn 
in Jig. I, yet the lateral drain of each is fupported by iron 
tyes ; fo that each arch Hands by its own fupports, inde- 
pendent of ii 8 neighbours. The arches are of only one brick 
thicknefs, and are covered over at top by a floor of paving 
bricks, to make a flat furface above, the haurcltcs of the 
arches being filled up by rubbilli. The iron tyes acroft the 
arches are concealed within the brick-work of the arch, f© 
tliat they do not appear ; the ceilings of the rooms* there- 
fore, confill of regular arches, which have a very good ap- 
pearancr, and make the moll firm and folid floors above that 
can be i ’ agined. The roof is of raft-iron, as (hewn in 
^g 2 f u'h«;re the two columns, //, arc a continiuition of 
the columMS, a, a, in the lower floors ; and a crofs or girder 
beam, r, whVh conneas them, is alfo a fupport of the caft- 
iron principals, /,/, of the roof ; M^d g,g, are further (lays, 
proceeding fron. the iron girders uniting the columns of the 
ceding, if, beneath ; the fpace between the two columns, 
in the roof, fuins a fmall room, which is ufed as a fchool- 
room’fcr the \vo»k-people on Sundays. The delks and 
forms are fnewn in tlve figure. , . , , ^ 

The mil) contains filteen arches in length, as itiewn in 
yff 1. between the walls CC, D D, which are the end 
wails of the miUs. Befides thefe is another wall, L, to 
which the flc’ors are continued by two additional arches, 
added b.y . nd the end wall, C, of the mill. This fpacc 
foims a (mail room on each floor, which is ^cupied by the 
countinc.ho..fc, ttair-cafe, and the ftovc, which warms the 
mill in winter , and alfo a crane of a peculiar conttruaion, 
for drawing up the goods to the machines on the feveral 

Tli fpacc of the milb thercforci between the wall# C 
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and D, is appropriated to the machinery, as is alfo the 
win^, which confiils of fix arches, as (hewn in 3, pro- 
jediDg from the middle of the mill, perpendictuar to its 
length. 

The width both of the mill and the wing is, as (hewn in 
Jig. 3, compofed of three lengths of arches, having three 
iron girders that they rife from, and two columns to fup- 
port them. The arches in the ground-floor, or cave of the 
mill, are fu^orted by very ftrong piers, m, inftead of iron 
cohimos. Thefe piers are founded very firmly in the earth* 
and every caution taken to prevent them fubfiding, or 
fettling under the great weight they have to carry. The 
columns of the firft floor are ere6led immediately upon the 
top of thefe piers : on the top of thefe columns are thofe for 
the fecond floor ; the third furmount thefe, and fo on to the 
top of the mill : the columns being thus ere£led, one upon 
another for the whi>lc height of the niill, forms the llauncheft 
building that can be imagined. 

We (hall now proceed to deferibe the machinery of the 
mill. The whole motion is taken from the great water- 
wheel M, fituated underneath the wing, in the cave, or 
lowed room of the mill ; and as it is of fo great a fize, 
namely, 18 feet diameter, and 23 feet long, that no caft-iron 
girder could be thrown acrofs it ftrong enough to fupport 
the arches for the wing above it, a ftrong ftone arch* N, is 
thrown acrofs from the wall if which is built up at one end 
of the water-wheel, to the wall. A, of the mill, v'hich is at 
the other end of the mill ; and to refiil the thrull of this 
arch, two ftrong iron bolts, jv, are extended acrofs it, and 
render it as ftrong as polTible ; fo that the iron columns of 
the wing over it may be raifed upon it as fafely as they 
could upon foundation piers, m, like the others. But as a 
precaution againft overloading the walls, i and A, which, 
as they include the water-wheel, would ruin every thing, if 
they fettled in the leail, the arclies of the wing immediately 
over the water-wheel are built, inftead of folid brick, with 
fmall pots like garden pots, fo that they are light, but 
fufHciently ftrong to bear any thing wdiich is ever required 
to be loaded upon them. Thefe fmall pots are alfo ufed 
to build the arched floor, K, of the roof, that it may be 
light, and as it has nothing to bear but the fchool room* 
they are fufliciently ftrong to make the floor. 

The great water-wheel has a cog-wheel, o, upon the end 
of its (haft, which turns a pinion, p, on a ftrong (haft, 
that carries a wheel g, and thus turns a pinion on a third 
(haft, r: this, at the end, has a bcvilled wheel, which gives 
motion to a vertical (haft, /, proceeding up to the top of 
the mill, and turning the machinery in the feveral floors. 
The bevillcd wheel on the (haft, r, alfo drives a horizontal 
(haft, /, extending the whole length of the mill, and having 
upon it, juft beneath every arch, a bevilled w^el, turning 
another on a vertical foindle, which rifes up through the 
two floors D and G. Thefe are the main fpindles of the fpin- 
ning frames, and the great frames are fixed upon them. The 
frames are all (hewn endways in^. i ; but in J^. 3, on the 
floor F* a pair of frames are (hewn in front, as they Hand 
fide by fide, and the floor, G, over it has juft the fame, as has 
alfo the wing, though not put in the drawing ; but thefe 
laft are turned by a bevilled wheel, v, Jig. x. on the (haft /* 
in the floor G, which turns a horizontal (haft, Vfjig. j, ex- 
tending the whole length of the wing, and turning the fpin- 
dles of the feveral frames as it paffes over them. The two 
lowed floors, F, G, which are appr^riated to the fpinning 
flumes, contain 28 frames on each door, 56 and x a more 
in the two floors’ of the wing, in all containing 4236 fpin- 
dles, a confiderable proportion of which are* however* em- 
ployed in fpinniog the hard twift. The two next floors» ixns. 
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tile ^ii Hf and the 4tht Ii are occupied in the body of the 
mill with cardine machines, which ftand in three rows : 
they are turned by ftraps from a horizontal fhaft, extend* 
ing the whole leng h of the mill, over the machines. In 
jfig* I. they are mewn endways, and 3* (hews them in 
front of the door H, while that above it is juft the fame, 
though not drawn : in alt thefe two floors are 6 ± breaking 
cards and 72 finiAiers. The fame floors, H ana I, in the 
wing, contain 16 drawing frames and four ftretching frames 
or mules, in which the rovings are prepared as deferibed in 
our account of the different methods of making rovings. 
The fifth door, I, contains the reeling, doubling, and twift* 
ing machines, &c. as we have defcrilkd j but the numbers 
of the different kinds of thefe laft mentiom^ machines vary in 
every mdl, according to the kind of cotton which is to be 
fpun in it, and that branch of trade its proprietor intended 
to carry on: if it is for fpinning twill for weavers, only reels 
will be wanted in the fifth door ; of if it is to fpin flocking 
yarn, doubling and twilling machines will be wanted. Indeed 
thefe laft machines are altered every few years in cotton mills, 
according as the ftate of the trade varies from a demand of 
one article to another. 

The fpace of the mill, between the walls C and L, con- 
tains, as before-mentioned, the llaircafe O, which is of (lone, 
afeending from one door to the next, and alfo the crane P P. 
This is a mod ii^enious and ufeful machine, which has been 
adopted by MeUrs. Strutts in all their cotton mills, and it 
is applicame to many other manufa^lories. The crane con- 
iifts of a large fquare bafket, or cradle, four feet fix inches 
fquare in the bottom, withinfide, and fix feet deep : it is 
open in front. The bottom is a door of wood, and the fides 
wicker or bafket work ftrongly bound with iron ftraps. 
This bafket or cradle is fufpen£;d by a rope in a well P, ex- 
tending from the top to the bottom of the mill, through all 
its doors. The cradle exadly fills the well, and is guided by 
iron (liders in each angle, fo that it may be fteamly drawn 
up from one door to any other by the power of the mill, 
jmd flopped or fet m motion, either up or down, at pleafure, 
by pulling two guide ropes, which are always in reach of a 
Uttfe boy who fits at the top of the cradle in a feat made 
for the puroofe. Now the machinery for effe&ing this is 
the only difficulty : it is neceflary, in fuch a crane, that the 
machinery, when call on to draw up the cradle, fhould move 
with a regular and equable velocity, without making any 
(hock or jerk when it nr ft ftarts ; that it fhould flop the in« 
llant it is required, otherwife it would be very difficult to 
fet the cradle, with its door, exactly on a level with any of 
the Aoovs of the mill, and if not fo, it would be very incon- 
venient for the people to get in or out of it. 

The cradle muft alfo be let down by the power of the 
mill as well as drawn up, becaufe if fuffered to run down 
by its own weiglvt, it would always run down too quick or 
too flow, and be dangerous and uncertain : it muft, at the 
fame time, be fo contrived, that the cradle itfelf will ftop the 
maclune if drawn up too high, or let down too low, to pre- 
vent Its being over-wound and breaking the works. All 
thefe conditions are efte^ed, in the moft perfedl manner, by 
very ingenious mechamfim, which was invented by Mr. H. 
Strutt, and has been adopted in all his father's mills, ren- 
dering thefe cranes as fafe and manageable as poffible. The 
rope fufpending the cradle in the well is double, to enfure 
greater itrength, and is conduced over a pulley, or grooved 
wheel, fituated in theNiroof of the mill. The other end has 
fuch a weight fufpended from it, as will balance the weight 
of the cradle, together with half the weight of the ufual load 
the etnne is expend to carry. This weight, therefore, draws 
the rope fo tight upon the grooved wi^, that it will, by 
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turning round one way or the othee, elevate or deprefs the 
cradle at pleafure, and at the fame time the balance weight, 
which has a fmall well of its own to work in. The axis of 
the grooved wheel has a cog-wheel on the end of it, which 
is turned round by a fmall pinion fixed on the extremity of 
an axis on which the mechanifm is placed : it confifts/firft, of 
a large wheel, like a coach wheel, (hewn at i, fixed 
on the middle of the axis, and on each fide of this are two 
broad riggers or drums to receive the endlefs ftraps, which 
give the motion againft thefe riggers on the outfide of each. 
A dead pulley or rigger is fitted loofely on the axis, and being 
exadly the fame fize as the live riggers or pullies, the ftrap 
can be fliifted from one to the other in a moment. The axis 
is adluated by two endlefs ftraps coming from one drawn 
at y, i, which is turned by wheel-work from the fliaft in 
the fifth floor of the mill, as the figure (hews. One of thefe 
ftraps is crofted between the two drums, and the other is 
not, fo that the motion of the two dead pullies on which 
thefe ftraps a£l are always in contrary direflions to each 
other, whilft the axis on which they run is ftationary. The 
two ftraps are guided by paffing through eyes attached to a 
fide rail of a Iquare frame, which indudes the axis with 
both its riggers and great wheel, and is fufpended from the 
top of the machine by four pendulous rods, fo that it has 
free motion to fwing backwards and forwards in a diredion 
parallel to the length of the axis of the pullies, which mo- 
tion is communicated by a crank formed on a fpindle, having 
a grooved wheel on the end of it. An endlefs rope pafles over 
this wheel, and then defeends to the bottom of the well, 
where it is drained beneath another wheel, fo that the two 
fides of tills rope are always in reach of the boy before- 
mentioned. who rides in a feat at the top of the cradle, 
giving him the means of turning the wheel and crank either 
way about, for by pulling down one of thefe guide ropes, 
he turns the wheel and crank, and draws the fufpended 
frame one way, or by pulling down the other guide rope it 
is drawn the other. The coniequence of thefe movements is, 
that the endlefs ftraps are fhifted both together on one or 
other of their live pullies, whilft the other ftrap will be 
ftiifted upon the oppofite dead pulley ; confequently, the ftrap 
which is upon the live pulley turns the axis round one way 
or the other, drawing the cradle up or down, as it happens 
to be the crofted ftrap, or the oppofite one, which is 
fliifted on the live pulley, fixed on the axis at either fide of 
the great wheel, which we firll compared to a coach wheel. 
This is, in reality, a brake wheel, having a broad ftrap fur* 
rounding the lower half of it, both ends of which are con- 
du6ted over two pullies, and levers with heavy weights draw 
down the ends, fo that it has a conftant tendency to prefii 
upwards beneath the wheel, to break, or caufe fuch a fric- 
tion upon it, as will ftop its motion, when the two endlefs 
ftraps are fliifted upon their dead pullies ; but when the 
fwinging frame is fliifted . either way, by the boy pulling 
down one of the guide ropes, which go down to the bottom of 
the well, and either of the ftraps are thus Ihifted upon the live 
pullies, the frame feizes die tail of a bent lever on each fide 
the wheel, and relieves the weights which draw the ftrap 
againft the wheel, and it hangs quite flack beneath the 
i^eel, with a confiderable fpace all round, fo that its motion 
is quite ftee, and onl v under the influence of that ftrap which, 
being upon one of the live pullies, gives it motion in either 
direSion. The crank before-mentioned for fliifting the fwing- 
ing frame is fo contrived, that it always has a tendency, by 
means of a weight, to aflumc fuch a pofition, that it wiu 
direa the fwinging frame, and the ftraps, both upon the 
dead pullies and the brake ftrap, being at the fame time in 
contaa with the lower half the wheel, the cradle will 
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ftand dill ; but when the crauk. by pulling one of the guide the whole manufad^ure of cotton» is beyond the conception of 
ropes which go down to the bottom of the well, is turned thofe who have not vifited the countries where it is carried 
to fhift the endlefs (traps cither way, and confequently put on. The tools and implements employed in conftrufting 
the cradle in motion, the crank drops into a kind of hitch, the different machines are very curious $ for as there are 
or catch, which holds it in that polition, but not fo fall but fuch immenfe numbers of each part of every machine 
that it can be relieved in a inoment by fnatcliing the guide to be made, it becomes, in the fame manner as with 
or rope, and if left to itfelf it then afliimes that pofition in the clock-maker, worth the machine-maker’s trouble to 
which the crane will (land ftill. J’ly this moans tlio crane is conftriift complicated tools and engines to expedite the 
in no danger of a';y accident, as it is always under the adion nianufadiire of the parts; thus cutting engines for form* 
of one orolher of the endlefs llraps, which caufc it to afeend ing the teeth of the numerous wheclsi fee Cutting En» 
or defccud, or it is under the braize (trap, which makes it oine. And here we would remark, that Mr. George 
Hand ftill, and the great advantage; of all thefe movements Gilpin of Sheffield has, fmee the printing of that artic&, 
are, that they aft io foftly, without any fudden jerks or invented a method of curling wheels from folid caft iron, 
fnatches in changing fro.n one (late to another. The well with as much accuracy and as good a finifh as brafs wheels 
har, a gate fixed up at every floor to prevent people falling have hitherto been cut, making a very great faving in the 
down into the mill, and if any perfon, on the fifth floor for expence of brafs for a large mill, and much more durable 
inffance, wifhea to defeend to the third, he goes to tlie gale wdien done. Card wires are maniifaftured in a very ex* 
and calls the boy, who, with the cradle, is perhaps below, tenfive fcale in Yorkfliire, and many very curious ma- 
te come to No. 5, which he does by fnatching that guide chines have been invented to diminifli the labour of 
rope which makes the crane draw up, when he fees the floor cutting and bending the wire teeth, and pricking the 
ofthebafleet co.mecxaftly oppofite the floor of the mill No. y. leathers for them: but a patent has been lately taken 
He fnatches thjL* oppofite rope ; this jerks the crank out of its out, by Mr. J. C. Dyer, for a machine which cuts and 
hitch, and it fliifts the ft raps and brake, (lopping the cradle bends the wires, pricks the leathers, and puls them in 
in an inftant, fo that it is feldom half an inch out of level all at one operation, and with fuch rapidity, tliat it com- 
with the floor. The perfon who wiflies to go down can now pictes four ptr fecond. It is one of the moil ingenious and 
open the gate, which he could not do before, becaufe the perfeft machines we ever met with, and it will prick and 
latch of the gate is lifted up by the cradle, when its floor is flick any fort or fize of teeth, by altering amuftmenta 
level with the floor of the gate, and ftepping into the cradle introduced for that purpofe. Drawings and a full deferip- 
he mentions the floor he wifhes to go to, and the boy pulk lion of this curious machine are lodged in the patent office 
down that direfting rope which lets him down, and ftojis it by the patentee, who brought over the invention from 
at the floor he wilhes, by fnatching tlie o.‘ her rope ; but if be America, where it has been feme time in conftant ufe. 
fhould pull the wrong, no harm can enfue, becaufe the brake Curious lathes for turning fpindles, and various other cir- 
will always aft to flop the machine, if the (traps do not aft cular w’ork, arc ufed in the workfhops of the cotton irill® 
to move it. The bobbins of the fpinuing frame, and the and fluting machines, for cutting the flutes in the lengths 
cope of the mule, are fet up iu little frames mounted on of the rollers of the drawing and fpinning frames : in (hort, 
heels, and thus wheeled along by little children to the fuch works as Meffrs. Straits’ at Belper. Mr. .Arkwright 
crane, and drawn up or let down as required, without any at Crauford, in Derbyfliire, Meffrs. Phillips and Lees at 
hard labour; infaft the flairs are feldom ufed except for tlic Manchetter, Mr. Peeles’ and many others, are fchools for 

S ic to go up and down wlien they begin and leave off mechanics in almofl every department of tlie fcience ; and 

good ones too, a'^ the cotton manufafturers in general are 
The (love which warms all the mill isfitiiated down in (he convinced, that it is their iatereft to attend to every mi- 
cave beneath the llaircafc : it Is very ingenioufly cootrited nutia in the conftruAion of their machines, which may 
with an iron cockle, or inverted cubical vcllcl, beneath which render them more durable or their operations more perfeft. 
a fire is made, and the fmoke efcapes by a flue behind into Among thefe improvements we may mention, what is be- 
a chimney. The air is then brought in a current toflrike coming very general, viz. the addition of governors, orre- 
upon the external furface of this cockle, and being thus gulating bails, to the water-wheel, which turn the cotton 
warmed, . rifes up through flues into every floor of the mills, as they always keep it moving at the fame fpeed, with- 
building, where it is admitted in any quantity at pleafore out which all the machines in the mill aft irregularly, and, 
by rcgitlers, which are regulated to produce an agreeable it muft happen that the velocity of the common water-wheel 
warmth, but as the warm air efcapes again with a draught varies, when any number of machines are flopped, or caft 
through a proper ventilator, there is nothing of clofcnefs in motion ; but the regulated water-wheel always adapts its 
connefted with it. draught of water to the work it has to perform, preferving 

Our limits will not permit us to deferibe more of the in- an uniform velocity in itfelf and all the machines it turns, 
genioiis contrivances with which Meflrs. Strutts' excenfivc This is brought to fuch perfeftion, that many fuch mills 
mills at Belper abound, neither could the reader form a have a clock turned by the mill ; clofe to it another clock, 
good idea of them without additional plates, and we have regulated in the ufual manner by a pendulum, and the 
already exceeded our propofed number. Meffrs. Strutts very motion of the mill is fo regular, that thefe two clocks will 
liberally permitted the writer of this article to vifit tlieir never vary more than two or three minutes. Both are made 
works, for thej urpofeofeomoofing it, to take drawingsof the with dials and hands exaftly alike, but one has a title on 
principal machines, which arc of the very belt conltruftion the dial, mill time, and the other, clod time. We fhall 
of -any in tiie cotton trade. Thefe w’ould have appeared take an opportunity of explaining a regulated, water-wheel, 
here, but tliat the (irft fix platei of our feries were drawn under Wateu-wheel. . . , , 

and engraved fomi years ago, being intended for the ar- We lhall here clofe this article, though we have only 
tick Cotton, at a time when the macliinery was not gone through the detail of cotton-fpinmng, becaufe the 
brought to that perfefliun, iu point of conftruaiou, that it lubfequent proceffes of weaving- cotton-thread into cloth, 
ia now. Indeed, tlte mechanical ingenuity calkd forth in drefling, finilhing, printing, &c., have been or will be ex- 
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jplwftcd under the following frveral heads ; vlz » for explaH- 
tions of the weaving proccfics, fee Draught of /wmx, 
or Cording, Draw-i.oom, DnArEii, Dimity, Dornock. 
Though the three lad are rather linen tlian cotton, Hill 
the fame proccffes apply in part to the weaving of cotton 
oods; fee alfo Fustian, and ladly, Weaving. For the 
rcfling of cloth after weaving, fee Calendar, or rather 
Printing of Calico^ wliicli precedes the calendar, CKcept 
for fome particular goods ; and as a part of calico-printing 

fee Dipping; alfo Bleaching, Dyeing, Dischaiicing, 
and Washing- WHEELS. And, as wc have before mentioned, 
a full account of the wonderful rife and prbgrefs of the 
cotton maniifafture, which is wholly founded upon the im- 
provements in the machinery for fpinning, will be found 
under Cotton. Under the head of Spinning,; we (hall 
deferibe thofo variations of the cotton machines, which 
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have been made to adapt them to the fpinnintr of ilaa, 
wool, and worded. 

M ANUF ACTURERS^ Ferfons enticing artiGcers into 
foreign countries incur the penalty of 500/. and twelve 
months Imprifonment, for the fird offence, for each perfon 
fo feduced, and 1000/. and two years imprifonment, for 
the fecond offence. 1^23 Geo. II. c. And fuch artificers 
not returning witKin fix months after warning, (hall be 
.deemed aliens, forfeit all their lands and goods, and be in- 
capable of any legacy or gift, (c Geo. 1. c. 27.) By 21 
Geo. III. c. 60. if any perfon (hall contraft with, or endca- 
%*our to perfuade any artificer concerned in printing calicoes, 
cottons, muflins, or linens, or preparing any tools for fuch 
manufaftory, to go out of the kingdom, he (hall forfeit 
500/. and be imprifoned for twelve months ; for a fecond 
offence, loooA and be imprifoned for two years# 
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Marbles, Artificial The Itucco, whereof they make 
fiatues, buds, baflo-relirvocs, and o^her ornaments of 
architefture, ought to be marble pulverifed, mixed in a 
certain proportion with plafter ; the whole well fifted, 
w'orked up with water, and ufed like common plailler. 
See Stucco. 

There is alfo a kind of artificial marble made of the flaky 
fclenitcs, or a tranfparent done, rcfenibling plader 5 which 
becomes very hard, receives a tolerable polifh, and may 
4kceive a good eye. This kind of fdenites refemWes Mul- 
covy talc. 

There is another fort of artificial marble, formed by cor- 

rofive tinaure, which penetrating into white marble to t^hc 

depth of a line or more, imitate the various co ours ot other 
dearer marbles. ... . ^ 

There is alfo a preparation of brimdone in imitation of 
saarble* 

To do this, you mud provide yourfelf with t Hal and 
fmooth piece of marble ; on this make a border or waB, to 
encompafs cither a fquare or oval table, which may be done 
either with wax or clay. Then having provided fevetjal forts 
of colours, as white-lead, vermilion, lake, orpiment, madi- 
cot, fmalt, PrufTian blue, &c. melt on a flow fire fome 
brimdone, in feveral glazed pipkins; put one particular 
fort of colour iiro each, and dir it w'ell togethv-r; then 
having before oiled the tuarble all over within the wall, witli 
one colour quickly drop fpots upon it of larger and lefa fizc % 
after this, take another colour and do as before ; and fo on, 
till the done is covered with fpots of all the colours you 
dcfign to ufc. When this is done, you are next to confidei 
what colour the mafs or ground of your table is to be ; if of 
a grey colour, then take fine fifted afhes, and mix it up 
w'ith melted briinflone ; or if red, with Cnglifh red ochre; 
if white, with white-lead ; if black, with lamp or ivory 
black. Your brimdone for the ground mud be pretty hot, 
that the coloured dropt on the done may unite and incor- 
porate with it. When the ground is poured even all over, 
you are next, if judged ncceflary, to put a thin wainfeot 
board upon it t this mud be done whild the brimdone ia 
hot, making alfo the board hot, which ought to be tho- 
roughly dry, in order to caufe the brimdone to dick the 


better to it. When the whole is cold, take it up, and 
polifli it with a cloth and oil, bud it will look very beautiful. 
Smith’s Laboratory, p. 248. 

Marble, Colouring ofi The colouring of marbles is a 
, nice art, and in order to fucceed in it, the pieces of marble, 
on which the experiments are tried, mud be well poliflied, 
and clear from the lead fpot or vein. The harder the 
marble is, the better it will bear the heat ncceflary in the 
operation : therefore alabader, and the common foft white 
marble, are very improper to perform thefe operations 
upon. 

Heat is always neceffary for the opening of the pores of 
the marble, fo as to render it fit to receive the colours ; but 
the marble mud never be made red-hot, for then the tex- 
ture of the marble itfelf is injured, and the colours arc burnt, 
and lofe their beauty. Too fmall a degree of heat is as bad 
as too great : for, in this cafe, though the marble receives 
the colour, it will not be fixed in it, nor drike deep enough. 
Some colours will drike, even cold; but they are never fo 
well funk in as when a juii degree of heat is ufed. The 
proper degree is that which, without making the marble red, 
will make the liquor boil upon its furface. The mendruums 
ufed to drike jn the colours mud be varied according to the 
nature of the colour to be ufed. A lixivium made with 
horfe’s or dog’s urine, with four parts quick-lime, and one 
part pot-afhes, is excellent for foine colours ; common ley 
of wood-afhes does very well for others ; for fome, fpirit of 
wine is bed ; and finally, for others, oily liquors, or com- 
mon white wine. 

The colours which have been found to fucceed bed with 
the peculiar mendniums are thefe: flone-blue diflblved in 
fix times the quantity of fpirit of wine, or of the urinous 
lixivium ; and that colour which the paiaters call litmus, 
diflblved in common ley of wood-afhes. An extras of 
faffron, and that colour made of buckthorn berries, and 
called by the painters fap-green, both fucceed, well diflblved 
in urine and quick-lime, and tolerably well in fpirit of wine. 
Vermilion, and a fine powder of cochineal, fucceed alfo very 
well in the fame liquors. Dragon’s blood fucceeds very 
well in fpirit of wine, as doen alio a tindure of logwood in 
the fame fpirit. Alkanet-root gives a fine colour, but the 
only meo^ruum to be ukA for this is oil of turpentine ; for 
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neither fpirit of wine, nor any lixivium, will do with it. 
There is another kind of /annuls Jraconist called dragon's 
blood in tears, which, mixed with urine a^one, gives a very 
elegant colour. Phil. Tranf. 268, or Abridg. vol. iv. 
part ii. p. 205. 

Behde thefe mixtures of colours and menftruums, there 
are fome colours which are to be laid on dry and unmixed. 
Thefe are dragon’s blood of the pureft kind, for a red; 
gamboge for a yellow ; green wax for a green ; common 
brimftoue, pitch, and turpentine, for a brown colour. The 
marble for thefe experiments muft be made conliderably hot, 
and then the colours are to be rubbed on dry in the Jump. 
Some of thefe colours, when once given, remain immutable ; 
others are eafily changed or dcilroyed. Thus the red colour 
given by dragon's blood, or by a decoftion of logwood, will 
he wholly taken away by oil of tat'tar, and the poHih of the 
marble not 'hurt by it. 

A fine gold colour is given in the following manner : take 
crude fal ammoniac, vitriol, and verdigris, of each equal 
quantities : white vitriol fucceeds bed, and all mufi be tho- 
roughly mixed in fine powder. 

The ftaining of marble to all the degrees of red, or yel- 
low, by folutions of dragon’s blood or gamboge, may be 
done by reducing thefe gums to powder, and grinding them 
with the fpirit of wine, in a glafs mortar ; but for fmaller 
attempts, no method is fo good as the mixing of a little of 
cither of thefe powders with fpirit of wine, in a filver fpoon, 
and holding it over burning charcoal. By this means a fine 
tin6ture will be extra£led, and with a pencil dipped in this, 
the fined traces may be made on the marble, while cold, 
which, on the heating of it afterwards, either on fand, or in a 
baker's oven, will all fink very deep, and remain perfeftly 
didiii6l in the done. It is very eafy to make the ground- 
colour of the marble red or yellow by this means, and leave 
white veins in it. This is to be done by covering the places 
where the whitenefs is to remain with feme white paint, or 
even with two or tliree doubles only of paper, either of 
w'hich will .prevent the colour from penetrating in that part. 
All the degrees of red are to be given to marble by means 
of this gum alone ; a (light tindure of it, without the af- 
fidance of heat to the marble, gives only a pale fledi-colour ; 
but the dronger tin^lures give it yet deeper; to this the 
aifidance of heat adds yet greatly ; and finally, the addition 
of a little pitch to the tincture gives it a tendency to black- 
nefs, or any degree of deep red that is dell red. 

A blue colour may be given alfo to marble by dilToIving 
turnfol in a lixivium of lime and urine, or in the volatile 
fpirit oP urine ; but this has always a tendency to purple, 
whether made by the one or the other of thefe ways. A 
better blue, and ufed in an eafier manner, is furnifhed by the 
Canary turnfol, a fubdance well known among the dyers. 
This needs only to be diffolved in w^ater, and drawn on the 
place with a pencil; this penetrates very deep into the 
marble, and the colour may be increafed by drawing the 
pencil, welled afrelh, feveral limes over the fame lines. 
This colour is fubje£t to fpread and diffufe itfelf irregularly ; 
but it may be kept in regular bounds, by circumfcribing its 
lines with beds of wax, or any other fuch fubdance. It is 
to be obferved, that this colour fliould always be laid on 
cold, and no heat given even afterwards to the marble ; and 
one great advantage of this colour is, that it is therefore 
eafily added to marbles already dained with any other co- 
lours, and it is a very beautiful tinge, and lads a long time. 
Mem. Acad. Par. 1732. 

This art has in fcvcral people’s hands been a very lucrative 
fecret, though there is fcarcely any thing in it that has not at 
one time or other been publifhed. 
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Kircher has the honour of being one of the firft who pubw 
lifted any thing pradticable about it. This author meeting 
writh doncs in fome cabinets fuppofed to be natural, but 
having figures too nice and particular to be fuppofed to be 
nature's making, and thefe not only on the lurface, but 
funk through the whole body of the dones, was at the paint 
of finding out the artid who did the bufinefs ; and on his 
refufing to part with the fecret on any terms, this author, 
with Albert Gunter, a Saxon, endeavoured to find it out 5 
in which they fucccedcd at length very well. Their method 
is this : take aqua fortis^uid aqua regia of /each one ounce, 
fal-ammoniac one ounce, fpirit of wine two drachms, about 
twenty-fix grains of gold, and two drachms of pure lilvcr ; let 
the filver be calcined and nut into a phial, and pour upon it 
the aqua fortis ; let this Itand fome time, then evaporate it, 
and the remainder will fird appear of a blue, and afterwards 
of a black colour ; then put the gold into another phial, pour 
the aqua regia upon it, and when it is diffolved, evaporate it 
as the former ; then put the fpirit of wine upon the fal- 
ammoniac, and let it be evaporated in the fame manner 
All the remainders, and many others made in the fame man- 
ner from other metals diflblved id their proper acid mendrua, 
are to be kept feparate and ufed with a pencil on the marble. 
Thefe will penetrate without the lead amdance of heat, and 
the figure being traced with a pencil on the marble, the 
feveral parts are to he touched over with the proper colours, 
and this renewed daily till the colours have penetrated to the 
defired depth into the done. Aft^ this the mafs may be 
cut into thin plates, and every one of them will have the 
figure exaftly reprefented on both furfaces, the colours 
never fpreading. The niced method of applying thefe, or 
the other tinging fubftances, to marble that is to be wrought 
into any ornarnerual works, and where the back is not ex- 
pofed to view, is fo apply the colours behind, and renew 
them fo often till the figure is fufficiently fecn through the 
furface on the front, though It does not quite extend to it. 
This is tlie method that of all others brings the done to a 
nearer refemblance of nattiral veins of this kind. The fame 
author gives another method to colour marble by vitriol, 
bitumen, See. forming a defign of what you like upon paper, 
ard laying the faid defign between two pieces of polifted 
marble ; then clofing all the intcrdices with wax, you bury 
them fra month or two in a damp place. On taking them 
up, you will find that the defign you painted on the paper 
has penetrated the marbles, and formed exactly the fame 
defign on them. Kirchcr's Mund. Subter. lib. viii. J 1, 

Wallerius, in his Mineralogy, vol. ii. p. 128. recom- 
mends the laft method of Kircher ; and the firit method is 
copied in the Phil. Tranf., N* 7. 

The art was pradlifed by Mr. Bird, a lldne-cutter at 
Oxford, before the year 1666; but his method is not re- 
corded. Mr. Robert Chambers, of Minch ing Hampton, 
in Gloucefterftire, difeovered and pradifed a method of 
colouring marble, which he kept a fer ret, Mr, Da Cofta 
has pubufted an account of experiments made on feveral 
pieces of marble ftained by this artill. Phil. Tranf. vol. li. 
art. 5, p. 30, &c. 

Spots of oil (lain white marble, fo that they cannot be 
taken out. See Staining of Stones. 

Marble, Polt/hing of The art of cutting and polifting 
marble was, of courfe, knowm to the ancients, wbofe mode 
of proceeding ap^ars to have been nearly the fame with that 
employed at prelent ; except, perhaps, that they were unac- 
quainted with thofc fuperior mechanical means which now 
greatly facilitate the labour, and diminift thecxpence of the 
articles thus produced. There are many celebrated manu- 
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ftAoriet of this kind generally called marble mills, on the 
continent, and alfo in Great Britain ; but as the principle 
on which they proceed is nearly the fame in all, it will fuf- 
fice in this place to give the delrription of one or two of the 
latter. The following defeription, together with fome pre- 
liminary obfervations, communicated by a perfon practically 
acquainted with this fubje£t, relate to the manufadory of 
Meflrs. Brown and Mawe at Derby. 

An elTential part of the art of polidiing marble is the 
^choice of fubftances by which the prominent parts are to be 
removed. The firft fubftance (hould be the (harpeft fand, 
fo as to cut as faft as poflible, and this is to be ufed till the 
furface becomes perfeAly flat. After this the furface is 
rubbed with a finer fand, and frequently with a third. 
The next fubftance after the fineft fand is emery of different 
degrees of finenefs. This is followed by the red powder 
called tripoli, which owes its cutting quality to the oxyd 
of iron it contains. Common iron-llone powdered and 
levigated anfwers the purpofe very well. This laft fubftance 
gives a tolerably fine polifli. This, however, is not deemed 
i'ufficient. The laft polith is given with jJiiity. After the 
iirft procefs, which merely takes av/ay the inequalities of the 
furface, the fand employed for preparing it for the emery 
ftiould be chofen of uniform quality. If it abounds with 
fome particles harder than the reil, the furface will be 
liable to be fcratched fo deep as not to be removed by the 
emery. In order to get the fand of uniform quality, it 
fliould be levigated and walhed. The bard particles, being 
generally of a different fpecilic gravity to the reft, may 
by this means be feparated. This method will be found 
nuich fuperior to that of lilting. The fubftance by which 
the fand is rubbed upon the marble is generally an iron 
plate, efpecially for the Iirft procefs. A plate oi an alloy 
of lead and tin is better for the fucceediug procefles, with 
the fine fand and emery, 'fhe rubbers ufed for the polilh- 
ing, or laft procefs, confifts of coarfe linen cloths, fiich as 
hop bagging, wedged tight into an iron plane. In all thefe 
procefles, a con ft ant fupply of fmall quantities of water is 
abfoliitely neceflary. 

The fa wing of marble is performed on the fame princi- 
ples as the firft procefs of polidiing. The faw is of foft 
iron, and is continually fupplied with water and the (harpeft 
land. The fawing, as well as the poliihing of fmall pieces, 
is performed by hand. The Krgc articles, fuch as chimney- 
pieces and large flabs, manufaAured by mean* of ma- 
chinery working by water or fleam. We (hall ncjct give a 
del'criplion of this branch of maiiufadure in the large 
way, as carried on by Brown and Mawe at Derby, and in 
London, N® 149 Strand, who have juftly attained great 
celebrity as workers of fpar and marble into different orna- 
ments. 

/VV. I. Plate XXI IT. Mifcellany, is a fide view of a 
mill for fawing and polifhing flabs of marble ; Jig, 2. being 
a ground plan of the fame, and marked with correfponding 
letters. ABC is a frame of wood, fufpended by the 
upright frames of wood, D, E, F, G, from the beams 
fo as to be capable of an ofcillatory motion. 
Motion is given to this frame by the rod I communicating 
with the crank O K, which is turned by water or fteam. 

This frame, being put in motion, gives motion to the faw 
Arames L, L, M, M, and to the polifhing arms N, P,Q, which 
work on the pivot P, and arc pufhed backwards and for- 
wards by the connefting iron rods n, n. The faws are iron 
plates ftiaped like a common faw, and faftened into oblong 
.rings by means of pins. Thefe rings are put upon the 
erofs bars E, E, b, and the faws are llretched tight by the 
Ijcarews /, /, s, and C. R, R, S, S, are four upright pofta 
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conftituting a frame, in which are placed the blocks of 
marble to be fawn into (labs, which are at the fame time 
to guide the frame of the faw. At each end of this frame 
there are a number of upright fquare bars of iron #, 1, be- 
tween which the faws pafs which bars, aft as conduftors. 
The polls R, R, can be removed to a greater diftance, fo as to 
make tl>c frame longer for receiving different fized blocks. 
The part T, to which the faw is attached on the moveable 
frame. Hides upon the upright poft AC. It is fufpended 
by a rope, which goes over a pulley r, and is counter- 
balanced by the weight W. By this means the faw may 
be made to prefs upon its work with any degree of force. 
It will be evident that the moveable frame, from its pen- 
dulous motion, does not move in a llraight line, but a 
curve. The Aiding part T, therefore, ferves to induce a 
reftilincal motion of the faw. The upright bars iron i, r, 
and C, are of a iizc eqiud to or lefs than the tliinneft Aabs, fo 
that the faws may be placed at different dillances, according 
to the ihicknel's of the (labs. In ordeT to alter the faws 
for this purpofe, nothing more is ncccfl'ary than to loofeii 
the ferews j, s, &c. and ftiift the oblong rings which contain 
the faws. 

The flabs of marble to be pohfhcd are laid upon the car- 
riage /j, foas to correfpond with the rubber Q, which paffes 
over it in the direftion of its Icnoth. In order to extend 
the rubber to the other parts of the flab, the carriage, /», 
has a lateral moiitm, by means of four grooved w'IiccIn run- 
ning upon the iron guidcrs let into the beams r,^. Hie 
cndlcfs (crew c, in the main Aiaft, turns the wheel r. This 
^ives motion to tlie lever Tj.Jig. 2, by means of the trank q. 
The lever communicates with the crank /•, and turns the 
wheel /, more or leis of a revolution, according to the 
length of this crank, which can be altered at plcafure by 
Ihifting the temporary pin e. By this latter motion the 
wheel, works the ratch v, and gives the lateral motion to 
the carriage. By this means the whole of tlic furface is 
expoled to the aclion of the rubber. Round articles of 
fpar, gyprum, and marble, are turned in the lathe with 
pointed inftruments of hardei;ed It eel. The pieces to be 
tc.rncd are attached to a wooden chock by means of cement. 
The gyplum is very foft, and turns with great facility. 
The fiuor fpar and marble require the tool to be very hard, 
wdiile the part to be turned requires a conftant fupply of 
water, which drops froip a veffel above. After the articles 
are turned into the given fliape, they are drelTcd with fand 
and emery, and afterwards polifhed w ith tripoR and putty. 

Small fpecinums for collections of marbles are generally 
polilhed upon a lap, which runs in a lathe. Thefe laps, 
however, ou^ht to run with the axis perpendicular to the 
horizon, the face of the lap being truly flat and horizon- 
tal. The lap ufed for the firft procefs (hould be of iron ; 
the fecond of an alloy of lead and tin ; and the third, which 
is for polifliing, (hould be of iron with pilch. By means of 
fome auxuiary machinery, a number of .pieces might be 
poli(hed in this way at once, which would fave much ma- 
nual labour. Small pieces of marble may alfo be policed 
on the large machine, by cementing them with plafter on 
the furface of a large (lab. By being placed on the fame 
level, the laigc rubber fweeps them all at once. 

The bie mill tn the neighl ourhood of Kilkenny, in 
Ireland, mentioned under the article Iiiisii marbli!:8, /ufra, 
and which was invented by alderiran Collis. grandfather of 
the prefent proprietor, is remarkable for the fimpljcity of ita 
ftrufturc, and for the powers if exerts. One wheel, tcil 
feet diameter, with twelve floats or ladles, gives motion, hy 
a crank at ona end of its axis, to a frame containing twelve 
fawa, which do the work of about twenty men. By a 
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crank at the other end, it moves a frame of five poliihcrs, 
which do the work of about ten men. At this end Mr. 
Collis has lately fitted a frame beneath the polifhersi with 
eight faws, totne motion of which he has found the power 
of the machine fully equal This mill may be fairly laid to 
do the conftant work of forty*two men daily. During the 
night the mill Itoppedy a conftant attention being required 
to fupply the faws with fand^ and to attend the polifliers. 
The faws are made of foft iron, and laft about a week ; 
they are conftantly fupplied with water and fand ; the latter 
is taken out of the bed of the Nore, and wafhed till nothing 
remainsi but very fine and pure filiceous particles. A faw 
cuts ten inches in a day, and twelve when the water is 
ftrong ; it would require two men to do the fame with a 
band faw. The marble taken from the mill is firft poliihed 


MARBLES 

with a cove-Jlane^ that is, a' brown fand-ftone imported 
from Chefter, and which takes its name from being ufed in 
chimney coves. It is afterwards polifhed by a 
which is a piece of fmooth nodule of the argillaceous iron 
ore, found in the bills between Kilkenny and Frelhford. 
It receives the laft polifli in the mill with rags and putty. 
By means of this mill, the marble is fo eafily workea as to 
be fold at a very moderate price. 

A great improvement in cutting marble and other ftones, 
but particularly columns by machinery, was invented in Ire- 
land by the late fir George Wright, bart., who procured 
a patent for it. By this a number of hollow columns can 
be cut from a folid block, each decreafing in fize, fo that 
nothing of the ftone is loft, except what is converted into 
duft by the faw. 
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MASONRY 18 the art of preparing and combining ftones, 
fo as to tooth or indent them into eaiph other, and form 
tegular furface*, either for fhelter, convenience, or defence ; 
as the habitations of men, animals, the protcftien and (hclter 
of goods, 5 cc. 

The tools employed by the mafon are different in different 
countries, according to the quality of the ilone. 

In London, the value of itone occafions it to be cut into 
fcantlings by a faw, and the operation is done by the la- 
bourer fin different parts of the country where ftone abounds, 
it is divided into fiualler fcantlings by means of wedges. 
Hard ftone and marble are reduced to a furface by a mallet 
and chiffel. 

The principal implements ufed in London for hewing 
ftones are the mallet and tools. The form of mafons’ tools, 
which are ufed by the percuflive blows of the mallet, is that 
of a wedge ; the cutting edge is the vertical angle. The ma- 
terial out of which fuch tools are made is iron, except the 
end which enters the ftone, which is of fteel. The end of 
the tool which is ftruok by the mallet is a fmall portiod of a 
fpheric furface, attd projeas on all fides beyond the adjoining 
part or hand ht«UJ, whicti increafes in magnitude towards ihe 
nuddlc of the tool, and thence tapers forward, in the foirm 
of a wedge or pyramid, to the entering or cutting 
The other tools ufed by the mafun arc, a level, a filumb 
nile, afquare, a bevel, and rules both ftraight andcircuwi of 
various deferiptions, for trying the furfaces in the progjflcffivc 
ftate of the work. , • c. 

The tools ufed in London, in fucceuion,, to work the wee 
of a ftone, are, the point, the inchtooL the boafter, then the 
broad tool. The operation of working with the point is 
pointingf and that with the boa&er is called boafting. Tiw 
operation of the point leaves the furface in narrow furrows, 
with rough ridges between them. The inch tool is ufed in 
cutting away the ridges, and the boafter in making 
face of the work nearly fmooth. The point is in breadth, at 
the entering part, from ^th to |ths of an inch, the boafter 
2 inches wide, and the broad tool 3^ inches at the cutting 
edge. In the ufc of the tool, the cutting edge is always per- 
pendicular to the fame fide of the ftone. 
kinds of operations performed by it : fuppofc the ifnpremoii 
made by the whole breadth of the tool, at the <mttmg 
to be called a cavity. In one operatic, the fucceflive 
cavities follow one another in the fame ftraight line, until the 
br^tli or kngth of the ftone is exhaufted ; thin fuccemve 
equidifiant parallel lines arc repeated in the fame mannerf 


until the whole furface of tl>e Hone has been gone over by 
the tool. This manner of hewing is called Jlroitng^ which is 
a kind of fluted furface. In the other operation, every fuc- 
celfive cavity is repeated in new equidiftant lines throughout 
the length or breadth of the ftone, then a new ferics of ca- 
vities is again repeated throughout the length or breadth of 
the ftone, and thus until the whole breadth or length of the 
ftone is exhaufted. This mode is called tooling. 

Tools for working cylindrical and conical parts of mould- 
ings are of all fixes, from ^th part of an inch upwards ; 
but thnfe for working convex mouldings are generally halt 
an inch broad, unlefs in confined fpaces, where fuch breadth 
cannot be admitted. 

A ftone is taken, for the greater part, out of winding with 
points, and entirely with the inch tool. 

In London, the facings of buildings made with fquared 
ftone, are either ftroked, tooled, or rubbed. 

In the country, where the faving of ftone by the ufc of 
the faw is not a compenfation for the lofs of time taken up 
in fawing, the operation is entirely performed by the mallet 
andchilkl. 

When ftones are very unfhapely previous to the operation 
of hewing, a ftone ax, jedding ax, fcabbling hammer, or 
cavil, is ufed in order to bring the ftone nearly to a ihape : 
one end of the jedding ax is flat, and is ufed for knocking off 
the very protuberant angular parts when lefs than right 
angles, the other eyd is pointed for reducing the different 
furfaces nearly to the intended form. 

In fome parts of the country, different fancies of hewn 
furfaces cire indulged, as herring-bone work : this is forming 
the furfaces of the ftones by zig-zag lines parallel to each 
other.. 

In Scotland, hefides what has already been noticed in hewn 
work, are other kinds denominated droved, broached, and 
ftriped. Droving it the lame ar that called random tooling 
in England, or boafting m London ; and the chiffel for 
broaching is called at mmeb, and is the fame as that called a 
oint in England. Broached wock is firft droved and then 
reached, as the work exmot tte done regularly at once with 
the punch. Striped work muft alfo be firft droved and then 
ftriped. Hence, of theft three kinds of furfaces, the droved 
is the cheapeft. Though broaching is fometimes performed 
without droving, it is never fo regular ; and befides, the fur- 
face is generally fuU of inequalities. It muft be obferved, 
however, that workmen in general do not take the fame 

t ains to drove the face of a ftone which is to be afterwards 
roached, as in that of which the droving is to remain the 
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final finilh : thcfc (hould be noticed by the fuperintendant. 
Droving, broaching, and ftripin^, are the terms ufed in 
^Edinburgh and Glafgow, and in the fouth of Scotland. 
In Aberdeen, where the ftone is very hard, being a kind of 
granite, the fame operations cannot be employed. Inftead 
of them they ufe a fcabbling hammer, by which they pick 
the (lone until the furface has nearly acauired its intended 
form. This manner of dreffing the furface for the (tone 
facing of a building is called worh^ and the operation 
nidging. The term rubbed work is applied where the fur- 
face is fmoothed by means of fand or grit done. 

Various curved rules, or templets and guages, are alfo em- 
ployed in hewn work. The tools ufed in fetting or building 
are, a line and line pins, the level, the plumb rule, and rules 
of various defcriptions, as alfo templets for circular work. 

Marbles are polilhed by fir (I being rubbed with grit -done, 
then with pumice-done, and ladly with emery or calcined 
tin. 

The chief done ufed in London is Portland, which comes 
from the ifland of Portland in Dorfetfhire. It is ufed for 

E ublic edifices, not only in ornaments, mouldings, and drings, 
ut in all the exterior parts. In private buildings, where 
brick- work predominates, it is ufed in drings, window fills, 
baluders, deps, copings, &c. It mud be obferved, how- 
ever, that under a great prefltire it is apt to fplinter or Audi 
at the joints, and for this reafon the joints cannot be made fo 
clofe as many other kinds of done will admit of. When it 
is recently quarried it is foft, and works eafily, but acquires 
great hardnefs in length of time. The cathedral of St. Paul, 
Wedminder bridge, and almod every public edifice in Lon- 
don, are condrudled wholly, or in part, of Portland done. 

Purbeck done comes from the ifland of Purbeck, in Dor- 
fetdiire alfo. It is modly employed in rough work, as deps 
and paving. 

Yorkihire done is ufed where drength and durability are 
rei^ifite, as in paving and coping. 

Ky^ate done is uled for hearths, dabs, and copings. 

In ]£linburgh a very fine done called Craigleith, brought 
from a village of the fame name in the neighbourhood of this 
city, is that mod commonly ufed in the condruflion of their 
edifices. They have alfo very good done from the Hails 
quarry, but rather inferior in point of colour. 

This Craigleith quarry produces two kinds of rock, one 
of a fine cream or buff colour, called the liver rock, which 
is almod unchangeable, even though expofed in a building to 
the weather. 

The city of Glafgow is built of various kinds of done, 
the bed of which are, the Pofiel and the Lord Prefident's 
quarry : mod other kinds are not only perifhable, but liable 
to change their colour. 

In the north of England, done fit for hewn work is chiefly 
of a reddifh colour. There is a very good white done, how- 
ever, in the vicinity of Liverpool, of which feveral of the 
public buildings are condruded. 

'All the done fit to be Iquared, or fquared and rubbed 
fmooth, for the ufe of building, is modly compofed of fand. 
The done ufed for the fame pufpofe in the fouth of Eng- 
land is, in fome parts, entirely duuk, and in other parts lime- 
done. The Bath and Oxforddiire done has fo little giit in 
its texture, as to be wrought into mouldings with planes, as 
in ioinery, and the furfaces are finifhed with an indrument 
called a drag. ^ 

Marbles, with regard to their contexture and variegation 
of colour, are dmoft of infinite variety: fome are blackr 
fome white, fome of a dove colour, and others betutifidly 
variegated with every kind of rich cdour. The bed kind 
of wmte marble k that called ftatuary, and when cut into 
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thin dices becomes almod tranfparent, which property the 
others do not pofTefs. Tlie texture of marble, with regard 
to working, is not generally underdood even by the belt 
workmen, though upon fight they frequently know whether 
it will receive a polifh or not. Some marbles are eafily 
wrought, fome are very hard, and other kinds refid the tools 
altogether. 

Mortar is another principal material ufed in cementing the 
dunes of a building. The reader who wifhes to obtain a full 
knowledge in this department of mafonry, may confult the 
article Cement, where he will receive fati8fa6lory informa- 
tion 

Wherever it is intended to build upon, the ground mud 
be tried with an iron crow or with a rammer : if found to 
fhake it mud be pierced with a borer, fuch as is ufed by weU 
diggers ; and if the ground proves to be generally firm, the 
loofe or foft parts, if not very deep, mud be excavated until 
a folid bed appears. 

If the ground proves foft in feveral places to a great 
depth under apertures, and firm upon the feite of the piers, 
turn inverted arches under the apertures, fo that if the found- 
ation fink, the arches will refid the re-aflion of the ground, 
then the whole wall will fink uniformly or defeend in one 
body. Should the ground be even of an uniform texture, it 
is always eligible to turn inverted arches under apertures, 
wherever there is a part of a wall carried up from the found- 
ation to the fill of that aperture : it is from negledling this 
circumdance that the fills of windows in the ground (Tories 
of buildings are frequently broken ; indeed it is feldom or 
never other wife. # 

Arches adequate to this purpofe (hould rather be of a 
parabolic form than circular, the figure of the parabola 
being better adapted to preferve an equilibrium than the arc 
of a circle, which is of uniform curvature. If unfortu- 
nately the foft parts of the ground prove to be the feite of 
the piers, and, confequently, the hard places under the aper- 
tures, build piers under the apertures, and fufpend arches 
between the piers with their concave fide towards the trench 
as ufual. 

For more information upon this fubjed, the reader will 
refer to the article Foundation. 

In walling, the bedding joints have mod commonly a ho- 
rizontal pofition in the face of the work, and this difpofition 
ought always to take place when the top of the wail termi- 
nates in an horizontal plane or line. In bridge building, and 
in the mafonry of fence wails upon inclined furfaces, the bed- 
ding joints on the face fometimes follow the upper furface 
of the wail or terminating line. 

The footings of done walls ought to be condruAed of 
large dones, which, if not naturally nearly fquare, (hould 
be reduced by the hammer to that form, and to an equal 
thicknefs in the fame courfe ; for if the beds of the dones 
in the foundation taper, the fuperdrudure will be apt to give 
wav, by reding upon mere angles or points with inclmed 
beds indead oT horizontal. All the vertical joints of any 
upper courfe (hould break joint, that is, they (hould fau 
upon the folid part of the dones in the lower courfe, and 
not upon the joints. 

When the walls of the fuperdrudure are thin, the dones 
which compofe the foundation may be fo difpofed that their 
length may reach acrofs each courfe, from one fide of the 
wafi to the other. In thicker walls, where the difficulty is 
greater in procuring dones of fufficient length to reach acrofs 
toe foundlation, every fecond done in the courfe may be a 
whole done in the brmth, and each interval may coulid of 
two dones of equal breadth, that is, placing header and 
dretcher altematriy. But when thofe dones cannot be had 
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coBvenkfitly^ (rom erne tide cf tbe mH ky a header and 
itretcher idternatelyy and from the other fide lay another fe- 
ries of ftonei in the {ame manner^ fo that the length of each 
lieader may be two^hirds, and the breadth.of each firetcher 
one-third of the breadth of the wall, and fo tlmt the back 
of each header may come in contaA with the back of an 
oppofite firetcher, and the fide of that header to come in 
conuft with the fide of the header adjoiniog the faid 
fbretcher. In broad foundations, where ftones cannot be 
procured for a lenjrth equal to two-thirds of the breadth of 
the foundation, build the work fo that the upright joints of 
ony courfe may fidl on the middle of the length of the fiones 
in the courfe below, and fo that the backs of each fione in 
any courfe may ftll upon the folid of a fione or ftones in the 
courfe below. 

The foundation fhould confift of feveral courfes, of winch 
each fuperior courfe ihould be of lefs breadth thra the in- 
ferior one, fay four inches on each fide in ordinary cafes, uid 
the upper courfe project four inches on each fide of the wall. 
The number of courfes muft be regulated b]f the weight of 
the wall, and by the fize of the ftones of which the founda- 
tion confifts. 

A wall which is built of unhewn fione is called a rutik 
wall, whether with or without mortar. Rubble work is of 
two kinds, courfed and uncourfed. Courfed rubble is that 
of which the ftones are guaged and dreffed by the hammer, 
and thrown into different heaps, each heap containing ftones 
of the fame thicknefs; then the mafonry is laid in courfes or 
horizontal rows, which may be of different thickneffes. 
The uncourfed rubble is that where the ftones are laid pro- 
mifeuoufly in the wall, without anv attention to placing tnem 
in rows. The only preparation which the ftones undergo, is 
that of knocking off the fharp angles with the thick end of 
the fcabbling hammer. 

Walls are moil commonly built witli an afhler facing and 
backed with brick or rubble work. Brick backings are 
common in London where brick is cheaper, and ftooe back- 
ing in the north of England and in Scotland where fione is 
cheaper. Walls faced with afhler, and backed with brick 
or uncourfed rubble, are liable to become convez on the 
outfide from the greater number of joints, and foom the 
greater quantity of mortar placed in each joint, as tkeihrink- 
mg of the mortar will be in proportion to the quantity, and 
therefore a wall of this delcription is much inferior to one 
of which the facing and backing are of the fame kM, and 
built with equal care, even thoueh both Tides were unZe^ed 
rubble, which is the worft of bU walling. Where tlw out- 
fide of a wall is an afhler facing and the infide courfed rubble, 
the courfes of the backing (hould be as high as poflihle, and 
fet with thin beds of mortar. In ScotUind, where ftone 
abounds, and where perhaps as good afhler facings m coa- 
ftruded as any in Great Britain* the backing of th^ walls 
moft commonly confifts of uncourfed rubble, built with very 
little care. In the north of England, where the afhler 
facings of wa^ are done with lefs neatnefs, they are much 
mere particular in courfing of their backings. Courfed 
rubble and brick backings are favourable for the infertion of 
bond timbers ; but in good mafonry wooden bonds fhould 
never be in continued kngths, as in cafe of fire or rot the 
wood vriU perifh, and the mafoniy, being reduced by the 
breadth of the timber, will be liable to bend at tlie pbee 
where it was inferted. When it is neceffary to have wall 
timber for the faftening of battens for lath and plafter, the 
pieces of timber ought to be built with the fibres of the 
wood perpendicular to the forface of the wall, or otherwife 
in unconnedted (hort pieces not exceeding nine inches in 
kngtL 


409 

In an afhler facing the ftones generally run ffx>m twenty-^ 
eight to thirty inches in length, twelve inches in height, and 
eight or nine inches in thiennefs. Although both the up* 
per and lower beds of an afhler, as well as tne vertical joints, 
mould be at right angles to the &ce of the ftone, and iht 
hce bed and vertical joints at right angles to the beds in 
an afhler fitting, where the ftones run nearly of the fame 
thicknefs, it is of fome advantage, in refpeft of bond, that 
the back of the ftone be inclined to the face, and that stH the 
backs thus inclined fhould run in the fame diredion, as thia 
gpves a fmall degree of lap in the fettiog of the next 
courfe; whereas u the backs were parallel to the front, tliere 
could be no lap where iiie ftones run of an equal depth in 
the thicknefs of the waU. It is of fome advantage likewife 
to feleft the ftones, To that a thicker one and a tninner one 
may follow each other alternately. The difpoiitioii of the 
ftones in ^he next fuperior courie, fhould follow the fame 
order as in the inferior courfe, and every vertical joint fhould 
fall as nearly as poffible in the middle oi the ftone below. 

In every courfe of afhler facing, with brick or rubble 
backing, through ftones (as they are technically termed) 
fhould 1^ introduced, and their number fhould oe propor- 
tioned to the len^h of the courfe, and every fuch ftone of a 
fuperior courfe mould fall in the middle of every two like 
ftones in the courfe below : this difpoiition of bonds fhould be 
ftriAly attended to in all long courfes. Some wallers, in order 
to fhew or demonftrate that they have introduced fu£Ek;ient 
bonds in their work, choofe their Imnd ftones of greater length 
than the thicknefs of the wall, and knock or cut off their ends 
afterwards. This method is far from being eligible, as the 
wall is not only liable to be fhaken by the force applied to 
break the end of the ftone, but the ftone itfelf is apt to be 
fplit. 

In every pier where the jambs are courfed with the afhler 
in front, every alternate jamb ftone ought to go through 
the wall with its beds perfectly level. If the jamb ftouea 
are of one entire height, as is frequently the cafe when archi- 
traves are wrought upon them, and upon the lentil crowning 
them, in the ftones at the ends of the courfes of tbe pier 
which are to adjoin t;he architrave jamb, every alternate 
ftone ought to be a through ftone ; and if the piers be- 
tween the apertures be very narrow, no other bond ftones 
will be neceffary in fuch fhort courfes. But where the piers 
are wide, the number of bond ftones muft be proportioned 
to the fpace : through ftones muft be particularly attended 
to in the long courfes below and above windows. 

Bond ftones fhould have their (ides parallel and of courfe 
perpendicular to each other, and their horizontal dimenfioo 
in the face of the work fhould never be lefs than the ver-^ 
tical one. All the vertical joints, after receding about 
three quarters of an inch from the face with a clofe joint, 
fhould widen gradually to the back, and thereby form 
hollow we^e-iike figures for the reception of mortar and 
packing. The a^oining ftones fhould have their beds and 
vertical joints filled with oil putty from the face to about 
three quarters of an inch inwards, and the remaining part» 
of the beds with well prepared mortar. Putty cement will 
(land longer than moft ftones, and will even remain promi-' 
nent, when the ftone itfelf is in a ftate of dilapidation, by the 
influence of the corroding power of the atmofphere. It 
is true that in all newly built walls cemented with oil putty, 
the firft appearance ol the afhler work is rather unfightly, 
owing to the oil of the putty diffeminating itfelf into the ad- 
joining ftones, which makes the Joints appear dirty and irre« 
gular : but this difagrecable effed is removed in a year, or 
lefs ; and if care has been taken to make the colour of the 
putty fuitable to that of the ftonci the joints will hardly 
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npetTf and the Whdle woik iiafll f4eem ii if one Face. 
Thi$ is the prafttoe ^ GhSgofw. In I^ndon and Edin* 
burffh fine water potty at ified inftead of it. 

All the ftones of an alhkr facing (honld be laid on their 
natural beds. From a negkA of this circumftance the 
ftones frequently fiufk at tne jomts» and this difpofition of 
the lamina fooner admits the corro^g power of the at* 
mofphcre to take place. 

In building walls or infulated pillars of very fmall hori* 
zontal (Umenfionsi every ftone Ihotw have its beds level and 
without any concavity in the middle : becaufe if the beds 
are concavcf when the pillars begin to fuftain the weight of 
the fabric the joints will in all probability flufii. It ought 
likewife to be obferved that every courfe of mafonry of 
fuch piers ought to confift of one Itone. 

Vitruvius has left us an account of the conftrudtion of the 
waUs of the ancientSj as follows. ** The forts of waUs are 
the reticulated) Plate if and the ancient) which is called 
the incertain, a. Of thefe the reticulated is the hand* 
foroeft) but the joints are fo ordered that all the parts of the 
courfes have an infirm pofition ; whereas in the incertain) 
the materials reft firmly one upon the other) and are inter- 
woven toitether ; fo that they are much ftronger than the 
reticulated) though not fo handfome. Both forts are formed 
of very fmall pKceS) that the wallS) being laturated with 
mortar, may endure the longer : for the ftones, being of a 
porous and fpungy nature, abforb the moifture from the 
mortar; and when there is an abundance of mortar, the wall, 
having more humiditv, will not fo foon decay, but will on 
that account be renaered more durable ; for as foon as the 
humidity is eatradked from the mortar b^r the fuftion of tlm 
ftoneS) then the lime and fand feparattng the cement is 
diffcd^) and the mortar no longer uniting the materiab, 
the wfdb foon become ruinous. This may be obferved in 
fome tombs near the city, which are buik with marble or 
hewn ftone, and the internal parts rammed with rubble ftones ; 
the mortar bring by length of time drained of its humidity 
by the fudion of the ftones, and the union of the joints be- 
ing ^flblved, they feparate and fall to ruin. 

** To avoid this error, the middle fpace (fo. a.) muft 
be ftrengthened with abutments of the red hewn ftone or 
bricks, or common Hints, built in walls two feet thick, and 
bound to the front with cramps of iron fixed with lead ; for 
the work being thus built in a regular manner, and not laid 
in promifcuous heaps, will remain without defed ; and being 
by the orderly arrangement of the courfes and joints firmly 
united and bound together, it will not be liable to frac- 
tures, nor will the abutments fuifer it to fall to decay* 
For this reafon the walls of the Greeks are not to be db- 
fpifed; for though they do not ufe fmoothor polifiied ma- 
ters, yet where they difcontinue the fquare ftones,^ they 
lay the flints, or common hard ftones, that they ufe, in the 
lame manner as bricks are generally laid, bending Urn 
courfes together with alternate joints, and thus make their 
works ftrong and durable. 

<< Thefe walls they build in two manners ; one is called 
Ifeiomm (J^. 3.), and the other Pfeu£fodmam (Jig. 
ifodomum is w&n all the courfes are of an equal thicknefs ; 
and Pfeudifodomum when they are unequaL Both thefe 
forts are firm ; firft, becaufe tne ftones themfrlves are of a 
compad and folid nature, and do not abforb the moifture 
from the raorur, hut preferve its humidity to a great age ; 
and, fecondly, bring fituated in regular and level courfes, the 
mortar is prevented from falling, and the whole tfilcknefs of 
the wall bring united, it endures perpetually. 

^ Another fort is that which tf^ call Empleden,^. 5 
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and6.)^ whichis alfo ulied by our villagers. Thefimesof the 
ftones in this kind are finooth ; the reft is left as it grows in the 
quarry, beiog frcured with alternate joints and mortar ; but 
our artifiorirs, quickly raifing a fiiell, which fervesfor the faces 
of the wall, ffll the middle with rubble and mortar: the walls, 
therefore, confift of three coats, two being the faces, and 
one the rubble core in the middle, Jige, 5 and 6. But the 
Greeks^ do not build in that manner ; tlw not only build 
the facing courfes regularly, but alfo ufo alternate joints 
throughout the whole thicknefs, not ramming the mid^e 
with nibble, but building it the fame as the face, and of 
one united Coat conftruft the wall : befides this, they dif* 
pofe fingle pieces (A), which they call diatonos, in the 
thickneb of the wall, extending from one hce to the other, 
which bind and exceedingly ftrengtben the walls. Tlmfe, 
therefore, who would buud works of long duration, muft 
attend to thefe rules, and make ufe of fuch methods of build- 
ing; for the fmooth polifh, and beautiful apjKkrance of the 
ftones, will not prevent the wall from bring ruined by age,*' 

An arch, in mafonry, is a part of a building fufpcnded 
over a given plan, fupported only at the extremities, and 
concave towards the plan. 

The fupports of an arch are called the J^ng waBe. 

The whole of the under furface of the arch oppofite to 
the plan is called the rntradoe of the arch, and the upper 
furface is called the extrados. 

The boundary line, or lines of the intrados, or thofe com- 
mon to the fupports and the intrados, are called the fpnngtng 
liaes of the arch. 

A line extending from any point in the fpringing line 
on one fide of the arch, to the fpringing line on the op- 
pofite fide of the arch, is called the eiord or of toe 
arch. 

If a vertical plane be fuppofed to be contained by the 
fpan and the intrados of the arch, it is called the fe€tion of 
tne hollow of the arch. 

The vertical line drawn on the feftion from the middle of 
the fpanning line to the intrados, is called the keight of the 
arch, as alfo the middle line of the arch, and the part of the 
arch at the upper extremity of this line is called the crown of 
the arch. 

Each of the curved parts on the top of the fe&ion, be- 
tween the crown and each extremity of the fpanning line, 
is called the haunches or fonks of the arch. 

The fedlion of almoft every given arch ufed in building 
has the following properties: the upper part js one con- 
tinued curve, concave towards the fpan, or two curves form- 
ing an interior angle at the crown, both concave towards the 
fpanning line. 

Every two vertical lines on the feftion equidiftant from 
each extremity, and parallel to the middle line, are equal. 

The above definitions and propofitions not only apply to 
arches with level bafes, but adfo to arches which ftand upon 
inclined bafes. 

When the bafe of the fed^ion or fpanning line is parallel 
to the horizon, the fedion will confift of two equal and 
fimilar parts, fo that if one were conceived to be folded 
upon the other, the boundaries of both would coincide. 

Arches, the intrados of which is the furface of a geo- 
metrical folid that would fill the void, are varioufly nan^, 
according to the figure of the fedkion of that folid perpen- 
dicular to the axis, as circular , dRpticalt cychidalf catcnarkuif 
farahoRcalf kc. 

Arches of the circular kind have two diftindions, wts. 
the femicirde, and thofe of fegments lefs than a femicircle, 
are cdki/chimi otjkcue arches. 
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There are alfo poitUed^ empoJiU% laneeif or Gothic archee, 
which are formed iti the face of the waU» or in fe^iont pa- 
rallel thereto, with the intradoB of the arch. 

When the extremities of an arch irife from fupports at 
unetmal heights^ fuch an arch is called a rampant arch. 

AJ^en a vertical line is drawn upwards, thro'.'gh each ex- 
tremity of the fpanning line, fo as to cut off eoual and 
iimilar parts of the intrados, the arch is called a horfe^Jhoe 
arch, or Mortfquc arch. Hence, in this kind of arch, the 
fpanning fine is Icfs than aify other line or chord drawn pa- 
rmlel to the fpan, but under the top of each faid vertical 
line. 

When the upper line or fide of an arch is parallel to 
the under line or fide, the arch is called an cxtradojfed 
arch. 

A iimple vault is an interior concavity extended over 
two parallel oppofite walls, or over all the diametrically 
opppfite parts of one circular wall. An arch or vault are 
frequently underftood as fynonimous ; but the didinftiori 
which we ihall here obferve is, that an arch, though it may 
be extended over any fpace, has a very narrow intrados, 
not exceeding four or five feet ; whereas a vault may be 
extended to any limit more than four or five feet. Thus, 
we frequently fay an arch in a wall, but we never fay a 
vault in a wall ; though nothing is more common than to 
fay a vaulted apartment, a vaulted room, a vaulted cellar. 
See, So that a vault, as fir Henry Wotton has obferved, is 
an extended arch ; we (hall therefore apply arch to the head 
of the aperture in a wall which (hews curvilineal interfec- 
tions with the faces of the wall, and the word vault to 
arched apartments. We frequently, however, call the 
done-work fufpended over an apartment an arch as well 
as a vault, fo that every vault is an arch, but every arch is 
not a vault. 

The intrados of a fimple vault is generally formed of the 
portion of a cylinder, cylindroid, fphere, or fpheroid, never 
greater than the half of the folid $ and the fpringing linQs 
which terminate the walls, nr where the vault begins to rife, 
are generally llraight lines parallel to the axis of the cy- 
linder or cylindroid, or the circumference of a circle or 
ellipfe. 

A circular wall is generally terminated with a fpherical * 
vault, which is either hemifpherical, or a portion of the fphere 
lefs than a hemifphere. 

A vaulted apartment, furrounded by an elliptic wall, is 
generally covered with a fpheroidal vault, which is either a 
hcmifpheroid, or a portion lefs than a hemifpheroid. 

A conic furface is feldom employed in vaulting ; but when 
the vault is to have this kind of intrados, the intrados 
fliould be the half of a cone with its axis in a horizontal 
pofition, or a whole cone with its axis in a vertical po- 
ution. 

Ali vaults which have a horizontal ftraight axis are called 
ftraight vaults. 

Belides what we have already denominated an arch, the 
concavities which two folids form at an angle are called an 
arch. 

If one cylinder pierce another of a greater dimeter, the 
arch is called a cyfindro-cylindric arch ; the cylindro king 
applied to the cylindric part which has the greater dia- 
meter, and the cylindric to that which has the lets. 

If a cylinder pierce a fphere of greater diameter than 
the cylinaer, ihc arch is called a fphero-cylindric arch ; and 
on the contrary, if a fphere pierce a cylinder of greater 
diameter than the fpherei the arch is denominated a cyliiidra- 
fpheric arch* 


If a cylinder pierce a cone fo as to make a complete per- 
foration through the cone, two complete arches will be 
formed, called cono-cylindne arches ; and on the contrary, 
if a cone pierce a cylinder fo as to make the interior con- 
cavity through the cylinder a complete conic furface, the 
arch is called a cyliadro-conic arch. 

If a ftraight wall be pierced with a cylindric aperture 
quite through, two arches will be formed, called plano- 
cylindric arches 

Every fpecies of arches is thus denoted by two preceding 
words; the former ending in o, fignifying the principm 
vault or furface cut throu^, and the latter in icf fignifying 
the kind of aperture which pierces the wall or vault. 

When two cylindric vaults, or two cylindroidic vaults, 
or a cylindric and cylindroidic vault pierce each other, and 
alfo their axes, fo that the diameter of each hollow may be 
the fame when meafured perpendicular to a plane palling 
through the axis of both furtaces, the figure fo formed is 
called a >>roii): but for more particular information on this 
point, fee thr article Groiv. 

The formation of ftone arches, in various cafes, has al- 
ways been looked upon as a moft curious and ufeful acqui- 
fitiou to the operative mafob, or to the archite£l:, or omer 
perfon who is appointed to fuperintend the work. In order 
to remove the difficulties experienced in the conftrudion of 
cylindric or cylindroidic arches, both in ftraight and circular 
walls, we (hall here (hew an example of each : 

Firft, let it be required fo conftruft a femi-cylindroidic 
arch cutting a ftraight wall witli its axis oblique to the fur- 
face of the wall, but parallel to the horizon. 

Let A B CD (Plate i.) be the plan of the aper- 

ture, A D and B C being the plan of the jamb<t ; and A B 
and D C the plan of the fides of the wall : produce D A 
and C B to G and F : draw the ftraight line I G M F £ 
at right angles with A G and C F : hifedt G F at M : 
draw M H K. perpendicular to G F : make M H equal 
to the height of the intrados of the arch, and deferibe the 
femi-ellipns G H F, which is the fedfion of the intrados of 
the arch : make G 1, H K, and F E equal to the breadth 
of the beds of the arch (tone, and defenbe the femi-elfipfis 
IKE, which is the fedtion of the extrados of the arch. 
Now fuppofe the diftances between the Joints around the 
intrados of the arch to be all equal, and all the joints to 
tend to the centre M ; divide the femi-ellipfis into fuch an 
odd number of equal parts, that each part may be in breadth 
equal to what is intended for the thicknefs of the floncs at 
tliat part ; produce £ I to S, and extend the whole num- 
ber of thefe parts from G to S ; and through the points 
of divifion draw lines perpendicular to G S, or parallel to 
A G. Through all the points of divifion of the ellipfls 
G H F, draw lines parallel to G A to meet A B ; tnen 
take the lengths of all the parts of the lines fo drawn that- 
are terminated by G F and A B as follows ; vix. make 
the firft: line on the left of G A equal to the firft on the 
right of G A, and the point h wall be obtained ; and the 
fecohd on the left of G A equal to the fecond on the 
right of G A, and the point e will be obtained : proceed 
in this manner until all the other points arc obtained ; then 
a curve being drawn through all the points A, c, i &c. 
to T, will give the one edge of the envelope of the intrados 
of the arch ; and by producing the perpendiculars ereAed 
upon GS to the points &c. ai^ making the fc- 

vei^ diftances b e, cf, dgf See, equal to A D or B C, the 
points D, &c. to U, will give the other edge of the 
envelope by tracing a curve through them ; then A b e dp 
b iftp c 4 iff are the foffits of the fiones. 
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To find any bevel which the joints on the face of the 
arch makes with that on the intrados of the fame. Let f q 
be one of the joints tending to the centre M of the fedbon 
of the arch : with the radius M G defcribe an arc G N O# 
cutting 0 g at N : draw N P parallel to G A, cutting A B 
at P : draw P Q parallel to F Gi cutting G A at Q : 
draw M L pardlel to G A, cutlitig A B at L. and join 
L O ; then Q L M is the bevel required : in the fame man- 
ner may all the remaining bevels be found. 

Again, let Pq r t be the fediion of an arch ftone> then 
making two bevels, one to q p $ and the other to r x e, will 
be all the bevels that are neceffary for that ftonc. Having 
obtained the feveral bevels, wc (hall now proceed to work 
the arch ftone, whofe fedion \% p q r t x lirft work the lower 
bed of the ftone correfponding to the joint p then draw 
a line for the foifit, which worlt alfo by means of the bevel 
qpt\ then guage the foiHt to its breadth, and work the 
upper bed of the ftone by means of the bevel rtp \ then take 
the fofiit mould from the envelop, and draw the ends of the 
ftone which coincides with the faces of the wall ; then with 
the face bevels Q L M, and V L M, work the face of the 
ftone. 

Note, that finding the bevels for half the arch will be 
fufficient by reverting them. 

The other arch ftanding upon D C (hews the ends of the 
ftopes in the face of the wall ; its boundaries are two cllip- 
fee of equal height to thofe of the fedtion. 

To conftru^ a cylindro-cylindric arch, or a cylindric 
arch in a cylindric wall, the axis of the aperture being at 
right aisles with the axis of the cylindric wall. Let 
A B C D be the half plan of the wall, B C being half of 
the convex curve, A D half of the concave curve, C D 
the middle line of the aperture tending to the centre of the 
Concentric circles which form the plan, and A B parallel 
to C D, being the Jamb. Through C draw E F perpendi- 
cular to C D : make C £ and C r half the breadth of the 
aperture : from the ceiitre C, with the radius C E or C F, 
defcribe the femicircle E G F, which will be the fcdlion of 
the intrados : produce C £ and C F to H and 1, making E H 
and F I each eoual to the breadth of the beds, and defcribe the 
femicircle H K I : divide the intradoflal curve E G F into 
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the number of parts anfwering to the number of arch ftones, 
and proceed to find the envelope, as deferibed, for the ftraight 
wall, which will give the moulds for the foifits of the ftones 
as ^fore. 

To find the curves of the ends of the beds upon the face 
of the arch. Let L M reprefent a joint : dhiw L N and 
M 0 perpendicular to H I, cutting the plan of the wall 
at N and O : draw N P parallel to C I, cutting M O at 
P : in L M take any number of points / and^, and draw 
/ X andy te parallel to L N, cutting the plan at x and 
and N P at r and v : draw M Q, / ii» y xr, perpendicular to 
L N \ make M Q, / a, y a, refpedively equal to P O, 
r X, V tt*, and L ss a Q will be the curve of the joint re- 
quired, which gives the face line of the upper bed of the 
lower ftone, and the face line of the lower bed of the upper 
ftone. In the fame manner all the other face lines of the 
beds are to be found. The templet mult be cut in the (hape 
of L M Q. 

To form an arch (lone. Firft make one of ihe beds, then 
make the fofiit, then form the other bed, then form the 
face lines of each bed, then run a draught round the three 
face lines, then between thefe work the face of the ftone 
in lines perpendicular to the horizon. This will be eaiily 
found by drawing a vertical line upon the feftion of each 
ftone. 

It is only neceflary to draw the moulds for one half of 
the arch, as the reverfmg of them in their application gives 
the ftones of the other half. 

The joints of any arch whatever may be found in the 
fame manner, provided that the planes of the beds interfea 
a vertical pkne perpendicular to the curve in the middle of 
the aperture. 

It is obvious, on finding the face lines of the beds, that 
the loweft face line is the quickeft, and part of the plan of 
the wall itfelf; the next face hne is flatter, or has Icfs cur- 
vature, and thus each fuccefiive face line has lefs curvature 
as it comes nearer to the top, and if there were a joint in 
the top, the face line of the beds would be quite a ftraight 
line. Indeed, the face lines of two or three courfea might 
be wrought with ftraight edges, as the difi’erence could 
hardlv be perceived. 



bijcertain.. 


MASOITRY. 


Retieulatedu 


PLATS 



Greeh EmpUcdon. 


Romaiv EmplectwK, 






Ztutrg Mtlff. 


BLANO-CYJLl2ft>noiDIC ARCS 



fubUfheda^ ike Jet Jirwtx jSj's bj-Ionjfrnttei, Stavt, lieee. Otrtte tBron'it. Putee’/ioeter Som'. Set^mred by W.Zotery. 



Mechanics 


MECHANICS, that branch of practical mathematics 
which confiders motion and moving powers, their nature, 
laws, eSeftt, Sec. This term, in a popular fenfe, is applied 
equidly to the dod^rine of the equilibrium of powers, more 
properly called ftatics, and to that fcieiice wluch treats of 
the generation and communication of motion, which con- 
ftitutes dynamics, or mechanics ftriddy fo called. See 
Statics, Power, Motion, and Dynamics. 

This fcience is divided by Newton into pradfcical and ra- 
tional mechanics, the former of which relates to the me- 
chanical powers, viz, the lever, balance, wheel and axis, 
pulley, wMge, fcrew, and inclined plane i and the latter, or 
rational medianics, to the theory of motion ; (hewing, when 
the forces or powers are given, how to determine Uie mo- 
tion that will refult from them, and converfely when the 
circumftances of the motion are given, how to trace the 
forces or powers from which they arife. 

Mechanics, according to the ancient fenfe of the word, 
confiders only the energy of orfomat or machines. The 
authors who have treated the fubjedt of mechanics fyf- 
tematically have obferved, that all machines derive their 
efficacy from a few fimple forms and difpofitions, that may 
be given to the organa^ which are interpofed between the 
agent and the refiftance to be overcome ; and to thofe fimple 
forms they have given the name of mechanical powers, fim- 
plepowers, or fimple machines. See Mechanical Powers. 

The pradtical ufes of the feveral mechanical powers were 
undoubtedly known to the ancients, but they were almofi 
wholly unacquainted with the theoretical principles of this 
fcience till a very late period ; and it is therefore not a little 
furpriling that the conftrudUon of machines, or the infiru- 
ments of mechanics, (hould have been purfued with fuch 
indufiry, and carried by them to fuch perfedUon. Vitro* 
vius, in his loth book, enumerates feveral ingenious machines 
which had then been in ufe from time immemorial. We 
find, that for raifing* or tranfporting heavy bodies, diey em- 
ployed moft of the means which are at prefent commonly 
ufcd for that purpofe, fuch as the crane, the inclined 
plane, the pulley, &c. 2 but with the theory or true prin- 
ciples of equilibrium they feem to have been unacquainted 
till the time of Archimedes. This celebrated roiu^liema- 
ifcician, in his book of Equiponderants, confiders a bdinoce 
fupported on a fulcrum, and having a weight in each fcale ; 
and taking as a fundamental principle, that when the two 
arms of the balance arc equal, the two weights fu^fed 
to be in equilibrio are alfo of neceffity equal, he (hews, that 
if one of the arms be increafed, the weight afmlied to it 
muil be proportionally dimini(hed. Hence he deduces the 
general conclufion, that two weights fufproded to the arms 
of a balance of unequal length, and remaining in equilibrio, 
muft be reciprocally proportional to the arms of the ba- 
lance ; and this is tne firft trace any where to be met with of 
any theoretical inveftigation of mechanical fc^nce. Archi- 
medes allb farther obferved, that the two weights exwt the 
fame prefliire on the fulcrum of the balance, as if they 
were diredUy applied to it | and he afterwards extend^ the 
fame idea to two other weights fufpended from other points of 
the balance, then to two others, and fo on, and hence, ftep 
by ftep, advanced towards the general idea of the centre of 
mvity, a point which he proved to belong to every aflem- 
blago of fmall bodies, and confequently to every large Imdy, 
whmh might be aonfidered as formed of fuch an alTemblag^ 
This theory he applied to particular cafes, and determined 
the fituation of the centre of gravity in the pwallclogram, 
triangle, trapexium, parabola, parabolic trapezium, &c. dec. 
To lum we arc alfo indebted for the theorv of the inclmed 
plane, the pulley, and the fcrew, befides IM invention of 1 
multitude of compound machines, of which, however, he 


has left us no defeription, and therefore little more than their 
names remain. 

We may judge of the very tmp^eft ftate in which the 
theory of mechanics was at tliat time, by the aftoniffmient 
expreded by king Hiero*, when Archimedes exclaimed, 
« Give me a place to ftand on and I will move the earth,** 
a propofition which could have excited no furprife in any 
peribn polTeffing a knowledge of the fimple properly of the 
fever. Of the theory of motion, however, it Soeo not 
appear that even Archimedes polTefled any adequate idea ; 
the properties of uniform motion feem onW to have en- 
gaged the attention of the ancients, and with thofe of ac- 
cekrated and variable motion they were totally unac- 
quainted : thefe were fubjefts to which their geometry could 
not be applied, the modern aoalyfis being necedary to bring 
this branch of the fcience to pertedion. 

From the time of Archimedes till the commencement of 
the fixteenth century, the theory of mechanics appears to 
have remained in the fame date m which it was left by this 
prince of Grecian fcience, little or no additions having b^n 
made to it during fo many ages ; but about this time, Stevi- 
nus, a Flemi(h mathematician, made known diredtly, without 
the introduflion of the lever, the laws of equilibrium of a 
body placed on an inclined plane : he alfo iiiveftigated, with 
the fame fuccefs, many other queftions on ftatics, and de<» 
termined the conditions of equilibrium between feveral forces 
concurring in a common point, which comes, in fadt, to 
the famous propofition rdatmg to the parallelogram of forces; 
but it does not appear, however, that he was at all aware 
of its confeqttences and application. In icpa, Galileo com- 
pofed a treatife on Statics, which he reduced to this (ingle 
principle, viz. it requires an equal power to raife two mf- 
ferent bodies to heights having the inverfe ratio of their 
weights ; that is, whatever power will raife a body of two 
pounds to the height of one foot, will raife a body of one 
pound to the height of two feet. On this fimple principle 
he inveftigated the theory of the inclined plane, the fcrew, 
and all the mechanical powers, and Deicartes afterwards 
employed it in confidering the ftatical equilibriums of ma- 
chines in general, but without quoting Galileo, to whom 
h<e had been indebted for the firft idea. To Galileo we are 
alfo indebted for the theory of accelerated motion, and ha 
complete coincidence with the obferved phenomena of na- 
ture may be confidered as one of the gveateft fteps made at 
one time in the fcience of phyfics. Since all bodies, faid 
this philofopher, are heaw, into whatever number of parts 
we divide any mafs, it follows, that its total weight is pro- 
portional to the number of material atoms of uriiich u is 
compofed. Now the weight being thus a power always 
uniform in quantity, and its adlion never undergoing any 
interruption, it muft, in confequence, be continuwy giving 
new impulfes to a body, in every equal and fucoeme io- 
ftant of time, and while the body is tailing, thele impulfes 
are inceffiintly accumulating, and remain in the body with- 
out alteration, the refiftance of the air alone being 
duded, and hence the motioD muft be accelerated by equal 
degrees. 

Torricelli, a pupil of Galileo, profecuted thefubjed after 
his matter, and added feveral curious propofitions concern- 
ing proje^ikt, to thofe which the latter had previoufly in- 
veiugated. Huygens confidered the motion of bodies along 
given curves, and demonftrated that the veloctW of a heavy 
body, which defeen^ along any curve, is the fame at every 
inftant in ^he direAion of the tangent, as it would have ac- 
quired by falling fireelv from a height equal to the cone- 
fending veiticaT abfeiu. Then g this principle to 

invoked cycloid, the axis of w] is vertical he fonnd 
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that a heavy body> from whatever part of the cycloidical arc 
it falls, always arrives at the loweft point of that arc in the 
fame fpace of time. This very remarkable proportion in- 
cludes what is commonly called the ifoehrtmlfm of the cycloid» 
and would alone have been fufficient to eftablifti the fame of 
a geometrician. In i66i, Huygens, Wallis, and fir Chrif- 
topher Wren, all difcovered the true laws of percufiion fe- 
parately, and without any communication with each other, a 
proportion which Defcartes had previoufly attempted, but 
failed in giving it a general folution. The finding of the 
centres of ofcillation in compound bodies foon followed that 
relating to percufiion, and here again Huygens equally dif- 
dnguifhed himfelf by the accuracy and elegance of his foiu- 
tion ; but as the principles which he employed were not well 
underftood by the philofophcrs and mathematicians of that 
period, his inveftigations were much criticifed at the time 4 but 
the honour of the difcovery was finally attributed to him, 
and thofe of Defcartes and Roberval admitted to be erro- 
neous, or at lead not fufficiently general. However, before 
the difcovery of the fluxional calculus, there were many 
curious and interefting mechanical properties which the an- 
cient geometry was incompetent to invedigate, and which 
could never have been brought to light but by the affiftance 
of this modem branch of analyiis. 

After the foundation of ftatics was laid by Archimedes, 
it was not difficult to difcover the conditions of equilibrium 
in every particular cafe, and thefe had guided the genius of 
invention in a number of machines, but they were not yet 
reduced to a general and uniform principle. 

Varignon undertook and accomplifhed this plan of combin- 
ing them, hr means of the theory of compound motions. He 

f ave Tome iketches of this in 16871 in his Projedk of a new 
yftem of Mechanics, and he in fome degree exhaufied all the 
combinations of the equilibrium of machines, in his General 
Mechanics,’^ not publifhed till after his death, in 172 j. In 
169c, la Hire publifhed a Trcatife on Mechanics,” the ge- 
neral objeft ol which, like that of Varignon’s, is the equi- 
librium of machines, befide which it contains various appli- 
cations of machines to the arts, in which the author was well 
verfed. He alfo fubjoined a treatife on epicycloids, and their 
ufe in this fcience, particularly as relating to the forms of 
teeth in wheel-work. This is a beautiful theory, and is 
highly creditable to its author, who it appears from the tef- 
timonjr of Leibnitz was not la Hire, tho^h he publifhed 
it as (ttch, but was due to the celebrated iJanifh mathema- 
tician Roemer, who had communicated it to Leibnitz twenty 
▼ears before la Hire’s work appeared. After this period, 
leveral elementary treatifes on the fubjed of mechanics were 
'publifhed, without, however, adding much to the previous 
nock ef knowledge, unlefs indeed we except that of Cor- 
snut, a work highly valuable for the Aridiiefs and perfpi- 
cuity of its demonArations. 

At this time very little had been done with regard to the 
theory of variable motion ; this now began to engage the at- 
tentioD of mathematicians, and opened an extenfive field to 
their refearches. Galileo, as we have feen, made known the 

f roperties of redlilincar and uniformly accelerated motions ; 

luygens had treated of curvilioeal motion, which finally 
led to ibe beautiful theory of central forces in a circle, and 
which is equally applicable to motion in any curve, by con- 
fidering them as iunnite feries of fmall arcs of a circle, agree- 
ab.y to the idea which he himfeif had employed ia his gene- 
|bI theory of evolutes. The laws of the communication of 
motion, Ukewiie fketched by Defcartes, and farther purfued 
by Wallis, Huygens, and Wren, had made a new and very 
eonfiderable Aep, by means of the folution which Huygens 
gave of the cdetoukl problem of the centres of ofdliation. 
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Ail thefe acquifitions, at firA feparate and in fome meafure 
independent of each other, having been reduced to a fmall 
number of fimple, commodious, and geiteial formulae, by 
means of the analyfis of infinites, the fcience of mecUames 
acquired frefli vigour, and was profecuted with the molt un- 
bounded fuccefs. The problems relating to motion were re- 
duced into two clafles ; the firA comprifing the general 
problem of the motion of a fipgle body a6ied upon by any 
given powers ; and the fecond, the motions which refult from 
thea£rion and re-adion that feveral bodies exert on each other 
in any given manner. 

In the motion of a fingle body, we obferve that matter, 
being of itfelf paffive, if once fet in motion, muA unU 
formly perfevere in it ; and that its motion can neither in* 
creafe nor diminifii, unlefs by the a6Uon of fome external 
power, which may be either conAant or variable. And 
Kence arife two principles, that of vh inertm and that of 
compound motion ; and on thefe are founded the whole 
theory of motion, redilincal or curvilineal, conAant or va- 
riable, according to a given law. By virtue of the nm iner* 
tUf motion at every inAant is efientially re6lilinear and uni- 
form, fetting afide refiAance and every obAacle that might 
otherwife impede or change its dire6lion ; and by the nature 
of compound motion, a body expofed to the adtion of a 
given number of forces, all tending at the fame time to 
change the quantity and direction of its motion, takes fuch a 
path through fpace that in the laA inAant it reaches the fame 
point at which it would have arrived, had it fucceffively and 
freely obeyed each of the forces propofed. 

On applying thefe principles to redilineal motions uni- 
formly accelerated, vve perceive, lA, that in this motion, the 
velocities increafing by equal degrees, or proportionally to 
the time, the accelerating ior6e muA be conAant, or incef- 
fantly give equal impulfes to the moving body, and that, con- 
fequendy, the final velocity is as the produ6t of the accele- 
rating force multiplied by the time. zdly. Each elementary 
portion of fpace paAed through being as the produ6t of 
the correfponding velocity multiplied by the element of the 
time, the whole of the fpace palied through is as the pro- 
du6l of the accelerating force multiplied by the fquare of 
the time; and thefe tvio properties equally take place for 
each elementary portion of any variable motion whatever. 
Thus 111 every redilineal motion variable according to a 
given law, the increment of the velocity is as the produ£k 
of the accelerating force into the element of the time, 
and the fecond fluxion of the fpace paifed through is as 
the produdl of the accelerating force into the fquare of 
the element of the time. Now if to thefe principles we 
add that of compound motion, we (hall arrive at the know- 
ledge of all curvilineal motion whatever. In fa^, what- 
ever forces be applied to a body deferibing a curve, we 
may at each inAant reduce thefe forces to two, the one 
ading in the diredion of the tangent at any point of 
the curve, and the other perpendicular to it ; the firA 
produces an inAantaneoua redilineal motion, to which the 
rinciple of vh hurtU applies; and the fecond is expreifed 
y the fquare of the adual velocity of the body, divided by 
the radius of curvature, agreeably to the theory of central 
forces in the circle, which equally reduces to the fame prin- 
ciple the motion in the iiredion of the radius of curvature. 
Such were the gen^ rai principles introduced into the fcience of 
mechanics by means ot the modern analyfis, and there feems to 
be no doubt that it was by ptTfuing this theoij, New- 
ton was led to thofe brilHant dilcoveries which he afterwards 
pnbliAied in his ** Principia” under a diAerent form. In 
1716, Hermann publifhed his ** De Phoronomia,’’ in which 
he undeitook to explain all that regards mechanics, both of 
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folids and Buids, that is to fav, ftatics, dynamics^ hydrofta- nined balance each other, and that, coiii'eqaently, thenro- 
tica, and hydraulics ; in which he emplovB the fynthetic me- di\& of the quantity of matter in one, into die velocity it 
thod, although, like Newton, he doubtleu derived moft of his lofes, and that of the other multiplied by the velociiy it 
refults from analyfis, a circumilance which frequently inter- gfins, muft be inverfely proportional to the arms of the lever, 
co^e&ion of his problems. This reafoning s in fad accurate, only James Bernruilli 

fbe Mechanics of Euler, publiftied in 1736, contain the miilook in fctting out, by confiderin^ the velocities of the 
whole theory of rcaihnear and curvilinear motion in an ifo- two bodies as finite, inllead of which he fhould only have 
lated body, afted upon by any accelerating forces whatever, conlidered the elementary velocities, and compared^ them 
cither m vacuo or in a refifting medium. The author has with the fimilar velocities produced every inftant by 
cveiy where Mowed the analytical method, which, by re- the aftion of gravitation. De PH6pital remarked this error, 
ducing all the branches of this theory to uniformity, greatly and in corrediiig it, he found the centre of ofeiilarion 
fadlitates the connedion of it, and the whole is managed of the two weights, without departing in other refpeds 
with an elegance and perfpicuity, of wiich, before this time, from the principle of Bernouilli. In order then to pro- 
we had no example. As to the principles of mechanirs by ceed to a third weight, he united the former two at thrir 
which he ppts his problems into equations, he employs thofe centre of ofcillation, and combined this new weight with 
ab^e mentioned. v r 1 • r 1 third, as he had combined together the former two, and 

This manner of l^ing the foundation of the calculation, fo on. But the propofed union was a litfle precarious 
however, though fufficiently commodious, was not the only and could not be admitted without a demonftration. This 
one that might have been employed, nor was it the moll led Bernouilli to revive his former folution, in order to ex- 
fimple. For the forces and motions at every inftant may be tend it generally to any number of bodies, which he finally 
refolved into other forces and motions parallel to fixed lines accomiHi filed. His method confifts in refolving the motion 
of given pofition in fpace. In which cafe nothing more is of eacn body at any given inftant into two other motions, 
neceffary than to apply the equations of the principles of vis the one, that whicli the body aftually takes ; and the other, 
Mtr/ue to* thefe motions and forces, by which means the that which is dettroyed, and in forming equations which ex- 
theorem of Huygens may be avoided. This fimple idea, prefs the condition of equilibrium between the motions loft ; 
which was firft employed by Maclaurin in his Treatife on by which means the problem is brought under the general 
Fluxions,** threw new light on the theory of mechanics, and laws of ftatics. The author applies tins principle to feveral 
much facilitated the folution of various problems. When examples, and demonftrates ftriftly, and in the raoft evident 
the body moves conftantly in one plane, two fixed axes only manner, the propofition which Huygens employed as the 
are to be taken, which are fuppoied to be perpendicular to bafis of his folution. See Memoirs of the Academy of 
each other, for the fake of greater fimplicity ; but when we Sciences for 1703. 

are obliged, by the nature ot the farces, to change the path This folution of the problem of the centres of ofcillation, 
continudly in all diredions, and to deferibe a curve of dou- feemed to leave nothing to be defired; yet, in 1714, it was 
ble curvature, three axes are to be employed perpendicular brought forward again by John Bernouilli and Dr. Taylor, 
to each other, or forming the edges of a right-angled patml- which were fundamentally the fame. This occafioned warm 
lelopipedon. But the problems relating to the communica- difputes between them, as to the originality of their per- 
tion of motion, commonly called ^naiiMcpro^/mr, required formances. Here,infteadof the elementary weights of which 
uew principles. Thefe, for inftance, conuft in d^rmining the pendulum is compofed, other weights are^ fuppofed to 
the motions that re Cult from the pcrcufiion of feveral bodies; be uibftituted, in one and the fame point, fuch that their 
the centre of ofcillation of a compound pendulum $ the mo- motion of angular acceleration, and their motion with re- 
tions of feveral bodies ftrung upon a rod, which has a yota- fpe£l to the axis of rotation, lhall be the fame, and the new 
tory movement round a fixed axis ; See. pendulum ofcillate as the former. But thefe folutions are 

Now it is evident, that in all cafes of this kind the mo- not confidered fo luminous as that of James Bernouilli, 
tion of the bodies is not the fame as if the bodies vSem ifo* which was founded immediately on the laws of equilibrium, 
lated and at liberty, but that there muft be a diftribution of Leibnitz eftimated the momenta of bodies by the mafs 
the forces among all the bodies forming one whole, fo that into the fquare of their velocities, and John Bernouilli hav- 
the motion gained by feme of them is loft by others. The ing adopted the fame opinion, gave to the principles of Huy- 
motion gained or loft is always eftimated by the prddud of gens, for the problem of the centres of ofcillation, the name 
the mafs into the velocity received or loft, whether the com- of the principle of converfion of the mv/ vivs, which it 
munication or the lofs of motion be produced every inftant has retained, becaufe, in fa6l, in the motion of a fyftem of 
by finite degrees, as in the (hock of hard bodies, or whether heavv bodies, the fum of the products of the malTes into 
the velocity change at each inftant only by degrees infinitely the iquares of the velocities remains the fame, when the bo- 
fmall, as in motion of feveral bodies ftrung on a moveable dies defeend conjointly, and when they afterwards afeend 
rod, and generally in all cafes where forces aa in the manner feparately, with the velocities they acquired by their deibeut. 
of gravitation. This principle was alfo followed with fuccels in dynamical 

When Huygens gave his folution of the problems of problems, by feveral able analyfts of the laft century ; but 
ofcillation, (ome unikilful mathematicians attacked it in as it gives only a Angle equation, from which the velocity or 
reviews. James Bernouilli defended it in the Leipfic Tninf- the time muft afterwards be expunged, the fecond objed 
adions for 1686, and undertook to give a dired demonftra- was atuined by different means. 

tion by means of the principle of roe lever. At firft, he John Bernouilli employed for this purpofe the principle 
confidered only two equal weights faftened co an inflexible of tenjimt ; Euler, that of fnjjwrtt / Daniel Bernouilli, 
rod devoid of gravity, which was in motion round an hori- that of virtudpwi»^$ which a fyftem of bodies has of re* 
zontal axis. Having then obferved that the velocity of the eftiblifhing itlelf in its former Hate ; and in ceitain cafes 
weights, neareft to tne axis of rotation, muft neceiurily be both he and Euler made ufe of the conftant quantity of 
Icfs, and that on the other greater, than if each a&ed on the circulatoiy motion round a fixed point. And when at lengt h 
rod feparately, he concludes that the force loft and the force all the diScrential, or fluxional equations of the probkm 
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Were eftabli(hed» it remaioed only to refolve them, which 
was of courfe the leaft difficttlt part of their invefti- 
gationt* 

The principle which bad been employed by James Ber- 
nouilliy in the folution of the problem relating to the centre 
of ofcillation^ was generalized by D’Alembert ; he (hewed, 
that in whatever manner the bodies of one aft upon 

each other, their motions may alwavs be relolved at every 
inftant into two forts of motions, tnofe of the one being 
deftroyed in the fuccei&ve inftant, but the other retained ; 
and that the motions retained are neceffarily known from the 
conditions of the equilibrium between the motions deftroyed. 
This general principle applies to all the problems of dyna- 
mics, and at lead reduces all their difficulties to thofe of the 
problems of iimple ftaiics ; and renders ufclefs that of the 
converfion of vires vivss. By this means D’Alembert has 
refolved a number of very beautiful and very difficult 
problems, fome of which were abfolutely new, as, for ex- 
ample, that relating to the preceffion of the equinoxes. 
Thefc general principles were nrft developed hj D’Alembert 
in 1743# but t^y were more fully treated of in his Treatife 
of Dynamics, publifiied in 1749; a truly interefting and 
original work, highly creditable to the talents of this cele- 
brated author. The fcience of dynamics having thus gra- 
duallv attained a high degree of perfeftion, was ftill farther 
enriched, in 17651 by an important difeovery, which is due to 
Segner; who has (liewn in a (hort paper entitled ** Specimen 
Theorise Turbinum,” i/* a hody^ of any Jize and figure^ 
afier rotatory or gyratory motions in all aireOions have been given 
to itf be kfi entirely to itfelf it will always have three pnnci^l 
axes of rotation ; that is, that all the rotatory motions, oy 
which it is affefted, may conftantly be reduced to three, 
which are performed round three axes perpendicular to each 
other paffing through the centre of gravity or inertise of the 
body, and always preferving the lame pofition in abfolute 
^ace, while the centre of gravity is at reft, or moves uni- 
formity in a right line ; the pufition of thefe three axes 
being determined by an equation of the third order. This 
theory, which its author had not fufficiently developed, Al- 
bert, the fon of the celebrated Euler, treated at length in his 
paper ** On the Stowage of Ships,*' which (hared the prize 
of the Academy of Sciences at Paris for 1761, as did likewife 
his father, according to the fame method, in the Memoirs of 
the Academy at Berlin for 1759, and in his work entitled 
" Thcoria Motus Corporum rigidorum, 1765.” Laftly, 
D’Alembert (hewed in his “ Mathcmatica Opufcula,’* vol. iv. 
pub]i(hed in 1 768, that the folution of the problem , was 
deducible from the formulae which he had given in a memoir 
for determining the motion of a body of any figure, afted 
upon by anyforces whatever, printed in vol. i. of hn» Opufcula 
in 1761. The knowledge of thefe motions of free rotation 
round three principal axes, naturrfly led to the determination 
of the motion round any variable axes whatever ; and hence, 
if we confider the body to be afted upon by any given ac- 
celerating forces, we muft begin with determining Uie refti- 
linear or curvilinear motion of the centre of gravity ab- 
ftraftedly from all rotatory motion, and then combining this 
progreffive motion with the rotatory motion of a given 
point of the body round a variable axis, we (hall know at 
every inftant tlie compound motion of this point in abfolute 
fpace. On thefe principles Euler has refolved many curious 
and interefting problems relating to dynamics, and the fame 
have been fince farther proved by fubfequent mathematicians, 
(Boflut’i Hift. Math,t We have thus given a (ketch of 
the hiftory and fuccemve improvements of the fcience of 
nechanicsi which is all that is neceflary under the prefent 
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article, as the particular branches connefted with this fubjeft 
are treated of leparatcly under their refpeftive heads in the 
different articles of this work. But as we have only di- 
refted our attention to the more prominent parts of the hif- 
tory, the works to which our references have been made arc 
very limited. It remains, therefore, before we conclude 
this article, to enumerate fome of the principalavriters on 
mechanict, or on particular branches of it, which are as 
follows, viz, 

Newton, in his Principia Guido Ubaldus, in bis 
** Liber Mechanicoi unn Torricelli, Libri de Motu Qra* 
vium naturalitis Decendentitim et Projeftoium Balianus, 
** Traftatus de Motu naturali Gravium Huygens, ** Ho- 
rologium Ofcillatorium,” and Traftatus deMotu Cor- 
porum ex Percuffione Leibnitz, ** Refittentia Solidorum,” 
in Afta Euroditus, ann. 1684; Guldinus, De Centro 
Gravitatis;" Wallis, “Traftatus de Mechanica Varig- 
non, Projet d’une Nouvelle Mechanique,*' and his papers in 
the Memoires Acad. ann. 1702; Borelli, Traaatus de 
ViPercuffionis, de Motionibus naturalibus, &c.;" De Cbales, 
Treatife on Motion Pardies, Difeourfe on Local 
Motion 5" Parent, “ Elerrents of Mechanica and Phyfics 
Cafatus, Mechanica Oughtred, Mechanical Inftitu- 
tiop;” Robault,<‘ Traftatus de Mechanica Lamy, « Me- 
chanique j” Keil, Introdudion to true Philofophy 
De la Hire, ** Mechanique Mariotte, “ Trafti du Choc 
du Corps j” Ditton, “Laws of Motion ; ” Hermann, “Phoro-- 
nomia;” Gravefande, “ Phyfics Euler, “ Traftatus de 
Motu;” Mufchenbroeck, “Phyfics;” Boffu, “Mecha- 
nises;” La Grange, “ Mechanique Analytis®;’* Atwood, 
Un Motion ;” Prony, Archifteture Hydraulique,’* aid 
“ Mechanique Analytique j” Francear, “ Mechanique ;” 
Gregory, Mechanics in Theory and Praftice,” &c. &c. 
to which may be added the names of Nicholfon, Enfield, 
Wood, Fergufon, Young, and Marat, For thofe works 
which relate principally to the defeription of machinery, 
fee the article Machine. 

MECHANICAL, fomething that relates to mechanics, 
or is regulated b) the nature and laws of motion. 

In which fenfe we fay mechanical powers, mechanical 
properties or affeftions, mechanical principles, reafoning, 
knowledge, &c. 

Mechanic A i. AJfe&ionst are fuch properties in matter, as 
rcfult from their figure, bulk, and motion. 

Mechanical Caufes^ are thofe founded on fuch affec- 
tions. 

Mechanical Force, See Force. 

Mechanical Solutions^ are accounts of things on the 
fame principles. 

Mechanical Philofophy^ is the fame with what we other- 
wife call the corpufcular philofophy ; viz, that which explains 
the phenomenon of nature, and the operations of corporeal 
things, on the principles of mechanics ; viz, the motion, 
gravity, figure, arrangement, dirpofition, greatnefs, or 
imallnefs of the parts i^ch compote natural bodies. See 
Corpuscular, 

Mechanical Powers, (fo called,) are thofe machines 
which arc ufed for raifing greater weights, or overcoming 
greater refiftances than could be effefted by the naturau 
itrength without them ; the power of ftrengtb being applied 
to one part of the machine, and another part of the machine 
applied to the weight or refiftance. 

There are two principal problems that ought to be re- 
folved in treating of each of them. 

The firft isi to determine the proportion which the power 
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and weight ou^t to have to eachotheri that they may juft 
faftain one another) or he in equilibrio. 

The fecond iS) to determine what ought to be the pro- 
portion of the power and weight to each other in a given 
machine) that it may produce the greateft effed poffiblc) in 
a given time. 

As to the firft probleiP) thia general rule holds in all 
powers ; fuppofe the engine to move* and reduce the velo- 
cities of the power and weight to the refpedive diredions in 
which they ad ; find the proportions of thofe velocities % 
then if the power be to the weight as ,the velocity of the 
weight is to the velocity of the power ; or, which amounts 
to the fame thing,' if the power multiplied by its velocity, 
gives the fame produd as the weight multiplied by its velo- 
city, this is the cafe wherein the power and weight fudain 
each other, and are in equilibrto ; fo that in this cafe the 
one would not prevail over the other, if the engine was at 
reft ; and if it is in motion, it would continue to proceed 
uniformly, if it were not for the fridion of its parts, and 
other reuftances. 

The fecond general problem in mechanics is, to deter- 
mine the proportion which the power and weight ought to 
bear to each other, that when the power prevails, and the 
machine is in motion, the greateft effedt poflible may be pro- 
duced by it in a given time. It is manifeft, that this is an 
enquiry of the greateft importance, though few have treated 
of it. When the power is only a little greater than that 
which is fufficient to fuftain the weight, the motion is too 
flow ; and though a greater weight is raifed in this cafe it is 
not fufficient to compenfatc the lofs of time. Wlien the 
weight is much lefs than that which the power is able to fuf- 
tain, it is railed in lefs time ; and this may happen not to be 
fufficient to compsnfate the lofs arifing from the fmallnefs of 
the load. It ought, therefore, to be determined when the 
produd of the weight, multiplied by its velocity, is the 
greateft poffible ; for this produd meafures the effed of the 
engine in a given time, which is always the greater in pro- 
portion as the weight which is raifed is greater, and as the 
velocity with which it is raifed is greater. For Other confi- 
derations neceftary to be regarded in the conftrudion and ufe 
of machines, we refer to the articles Machine and Machi- 
nery. 

The Ample machines by which power is gained, are fix in 
number, vtz. the lever ^ the vfheel and axle f or axii m perU 
troebio^ the pulley (or rather fyftem of pulliesl, the mclined 
planct the wdgct and the ferew* Of thefe, all forts of me- 
chanical engines confift ; and in treating of them, fo as to 
fettle their theory, we muft confider them as mechaoically 
exad, and moving without fridion. Although thefe ma- 
chines are treated of at large under their proper beads, it 
may not be amiis to give a (hort account of them ail here. 

1. A lever is an inflexible bar, turning upon a fupporting 
prop as its centre of motion, which mull be firm enough to 
bear the lever and the weight with which it is charged. 
There are three kinds of levers, and in each of them the 
velocity of each point is diredly as its diftance from the 
prop. 

A lever is faid to be of the firft kind when the prop is be- 
tween the weight and the power. Here the power and 
weight balance each other, when the power is in proportion 
to tne weight as the diftance of the weight from the prop is 
to the diftance of the power from it ; fo that if a weight be 
twenty pounds, and at one foot from the prop, a power of 
one pound at twenty feet from the prop will bahnoe the 
weight, i^uppofing tne lever itfelf to have no weight. To 
this fort of lever may be reduced all iron crows, feifiars, 
pinchers, candle-rnuffers, and the like* 


A lever is faid to be of the fecond kind, when the weight 
is between the prop and the power. Here the lever and 
weight balance each other whra the power is in proportion 
to xht weight as the diftance of the wc^ht from the prop is 
to the diftance of the power from it. Of this fort are doors 
turning on hinges, oars, and fuch knives as are fixed at the 
point. 

A lever is (aid to be of the third kind when the power is 
between the weight and the prop. In this, the power and 
weight balance each other, when the power is in proportion 
to the weight, as the diftance of the weight from the prop 
is to the diftance of the power from it : but this lever is 
never ufed where power is wanted to be gained | for in it, 
the intenfity of the power applied, muft always exceed the 
iatenfity of the weight to be raifed, or refiftance to be over- 
come. Of this fort are the bones of our legs and arms, and 
the wheels of clocks and watches. See Lever and Ba-v 
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2. In the wheel and axle^ where the power is applied to 
the wheel, and the weight drawn up by a rope winding 
round the axle, the velocity of the power is to the velocity 
of the weight, as the circumference of the wheel is to the 
circumference of the axle, and the advantage gained by the 
machine is in the fame proportion : for the power and weight 
balance each other when the power is in proportion to the 
weight, as the circumference of the axle is to the circum- 
ference of the wheel. This machine is the principal part oi 
a common crane. See Axis in PeritroclAo* 

3. A pulley t that only turns on its axis, and docs not rife 
with the weight, ferves only to change the diredlon of the 
power ; for it gives no mechanical advantage thereto. But 
when, befides the upper pullies, which tUm round in a fixed 
frame, or block, there is a block of pullies moving equally 
faft with the weight, the velocity of the weight is to the 
velocity of the power as one is to twice the number of pul- 
lies in the moveable block : and the power and weight ba- 
lance each other when the power is in proportion to the 
weight, as one is to twice the number of pullies in the move- 
able block. See Pulley. 

4. An inclined plane is like one-half of a wedge which has 
been cut in two equal parts lengthwife. A weight raifed, 
or a refiftance moved, by an inclined plane, moves only 
through a fpace equal to the height of that machine, in the 
time that a power drives it through a fpace equal to its 
whole length. Therefore, the velocity of the power is in 
proportion to the velocity of the weight, as the length of 
the machine is to its thicknefs or heiglit at the back ; and 
the power and weight balance each other when the power is 
in proportion to the weight, as the thicknefs of the plane is 
to its length. All edge tools, which are chamfered (or 
ground down only on one fide to the edge) are inclined 
planes, as far as the chamfer goes from the edge. See /a- 
cTmed Plane. 

5. A wedge ^ in the common form, is like two inclined 
planes, joined together at their bafes ; and the thicknefs of 
thefe planes (oppofite their (harp edges) makes the back of 
the wedge, to which the power of the fledge or hammer is 
applied in cleaving of wood. 

When two equal refiftances aft perpendicularly againft 
oppofite Tides ot the wedge, and a power afts perpendi- 
cularly againft the back of the wedge, the velocity of the 
power is in proportion to the velocity of the refiftance on 
either fide, as the length of the fide is to half the thickncfis 
of the back : and the power balances the refiftance of the 
vaood, when the power is in pn^rtion to the refiftance, as 
hidf the thicknefs of the back of the wedge is to the length 
of either of its fides, if the (harp edge goes to the bottom 
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of the cleft in the wood. But when the wood fplits before 
the wedge, ns it generally does, the power balances the 
refiftance, when the former is to the latter as half the thick- 
nefs of the wedge (when it is driven quite into the wood) 
is to the whole length of the cleft below the back of the 
wedge. See Wedge. 

6. The ferew may be confidered as if it were an inclined 
plane, wrapt round a cylinder. In this machine, the power 
muft turn the cylinder quite round, in the time that the 
weight or refinance (as in a common prefs) moves through 
a fpace equal to the diftance between the threads or fpirals 
of the ferew. Therefore, the velocity of the power is in 
proportion to the velocity of the weik^ht or refiftancc, as the 
circumference of a circle, deferibed by tlie power, is to the 
diftance between the fpirals of the ferew ; and the power and 
reiiftance balance each other, when the former is to the lat- 
ter as the diftance between the fpirals is to the circumference 
of the circle deferibed by the power. This machine, befides 
the advantage peculiar to itfelf, has generally the benefit of 
the wheel and axle, on account of the winch or lever by 
which it is turned. See SciiEw. 

Of thefe fix fimplc machines, all the moft compound en- 
gines in the world are made. As the ferew includes the in- 
clined plane, and two equally inclined planes make the wedge, 
we have all the mechanical powers combined together in a 
common jack, if it be turned by the fly ; for then we have 
alfo the lever, the wheel and axle, and the pullies. 

Thus, in a frame A B C D, {Plate XXXII. Mechanics^ 
Jig, 5.) faftened by the nut O upon the ftand O O, and held 
together by the pillars V W and B is adapted firft the 
piece E F, whofe fans or flies may be put in motion by th6 
wind, or drawn by a hair faftened at F, which reprefents 
the lever and balance : at right angles to this piece is joined 
the perpendicular fpindle G H, having upon it the endlefs 
ferew H, which may be alfo confidered as a wedge. This 
endlefs ferew or worm takes the fl<cw teeth of the wheel K, 
which is 'he axis in peritrochio, and, in turning round, 
winds up the ftring L M upon its axis, which pafling round 
the pullies at M and N, or drawing by a tackle of five, raifes 
the weight P. But as the ferew has no progreflive motion 
on its axis, it cannot here be faid to comprehend the inclined 
plane ; therefore, in order to make this machine take in all the 
mechanical powers, we may add the inclined plane, r ^ Q R, 
by making it reft on the ground at Q K, and on the 
pillar y B, at y r, and thereby the force of the power draw- 
ing at F, will be farther increafed in the proportion of Q T 
to T S. The whole force gained by this machine is found 
by c ^mparing the fpace gone througn by the point F, with 
the height through which the weight is raifed, in any deter- 
minate number of revolutions of F. An hundred pounds 
weight at P will be eaiily raifed by the hair of a man’s head 
drawing at F. 

If an engine conftrufted in this manner be ufed for railing 
a weight, by means of a power applied to the fly, the power 
will balance the weight, if it be in proportion to the weight 
as the velocity of Uie weight is to the velocity of the fly. 
Now, confidering how fall the fly moves with refped to the 
motion of the weight, it is evident, that a crane, conftruflcd 
in the manner of a common jack, would be an engine of very 
great power. But then the time loft in railing the weight 
would alfo be very great ; for, in any machine or engine 
whatever, the time loft in working it will be as great as the 
power gained by it. 

If machines or engines could be made without fri^ion, 
the lead degree of power added to that which balances the 
weight would be lufficient to raife it. In the lever^ the 
fri^ion is next to nothing ; in the wheel and axle it is but 
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fmall ; in the pullies it is very confiderable ; and in the in- 
clined plane, wedge, and ferew, h is very grot. The uni- 
verfal law or principle in all mechanical machines or engines, 
made to gain power, is, that the power gained will be al- 
ways as great as the velocity of the power exceeds the velo- 
city of the weight or reiiftance : and, upon this principle, 
it is eafy to compute the power, force, or advantage, of any 
fimple machine or compound engine whatever. 

E gr. If the body A (P/a/^XXXII. MechamcSfJig, 6 .) 
be triple the body B, and each of them be fo fixed to the 
extremities of a lever A B, whofe fulcrum or fixed point is 
C, as that the diftance of B C be triple the diftance C A ; 
the lever cannot be inclined on either fide, but the fpace B £, 
pafied over by the lefs body, will be triple the fpace A D, 
paired over by the great one. So that their motions or mo- 
ments will be equal, and the two bodies in equilibrio. 

Hence that noble challenge of Archimedes, doth virilmip 
datum pondus movere ; for as the diftance C B may be in- 
creafed infinitely, the power or moment of A may be in- 
creafed infinitely. So that the whole of mechanics is re- 
duced to the following problem. 

Any hody^ as A, *wtth its •uelocity C, and alfo any other body^ 
as B, being gi*oen ; to find the velocity necejfary to make the 
moment or quantity of motion^ in B, equal to the moment of A p 
the given body. Here, fince the moment of any body is 
equal to the reflangle under the velocity, and the quantity 
of matter; as B : A :: C : to a fourth term, which will 
be Cp the celerity proper to B, to make its moment equal 
to that of A . Wherefore in any machine or engine, if the 
velocity of the power be made to the velocity of the weight, 
reciprocally as the weight is to the power, fuch power will 
always fuftain, or, if the power be a little increafed, it will 
move the weight. 

Let, for inftance, A B be a lever, whofe fulcrum is at C, 
and let it be moved into the pofition a C h» Here, the ve- 
locity of any point in the lever is as the diftance from the 
centre. For let the point A deferibe the arc A a, and the 
point B the arc B ^ ; then thefe arcs will be the fpaces de- 
feribed by the two motions : but fince the motions are both 
made in the fame time, the fpaces will be as the velocities. 
But it 18 plain, the arcs A a and B b will be to one another 
as the radii A C and C B, becaufe the fcdlors ACa and 
B C ^ arc fimilar : wherefore the velocities of the points A 
and B are as their diftances from the centre C. 

Now if any powers be applied to the ends of the lever A 
and B, in order to raife its arms up and down ; their force 
will be expounded by thejperpendiculars Sa and ^N ; which, 
being as the right fines of the former arcs, a A and B b, w’ill 
be to one another alfo as the radii A C and C B ; wherefore 
the velocities of the powers are alfo as their diftances from 
the centre. And fince the moment of any body is as its 
weight, or gravitating force, and its velocity, conjundly ; 
if different powers of weights be applied to the lever, their 
moments will always be as the weights and the diftances from 
the centre cdnjunAly. Wherefore, if to tlie fame lever 
there be two powers or weights applied reciprocally pro- 
portional to their diftances from the centre, their moments 
will be equal ; and if they a6l contrarily, as in the cafe 061 a 
ftecl-yard, the lever will remain in an horizontal pofition, or 
the balance will be in equilibrio. And thus it is eafy to 
conceive how the weight of one pound may be made to equi- 
balance a thoufand, &c. 

Hence alfo it is plain, that the force of the power is not 
at all increafed by engines ; only the velocity of the weight, 
in either lifting or drawing, is fo diminifhecl by the applica- 
tion of the inftrument, as that the momenr of the weight is 
not greater than the force of the power. Thus, for inftance. 
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if any force can raife a pound weight with a given velocityt 
it is impof&ble by any engine to eSed, that the fame power 
(hall raife two pound weight with the fame velocity : but by 
an ennne it may be made to raife two pound weighti witn 
half the velocity or looo times the weight with Tciie of 
the former velocity. 

We lhall here introduce into one view, an account of the 
principal methods that have occurred to us of explaining and 
demonftrattng the fundamental property of the feveraL me- 
chanical powers. It has been already obferved, that, with 
reprdto the lever, when any two forces aft again ft each 
other on its arms, they will continue in equilibrio, if their 
quantities are inverfely as the diftance between the points to 
which they are applied, and the point or- fulcrum round 
which the lever turns. The demonftration commonly 
aferibed to Archimedes is founded upon this principle, that 
when any cylindric or prifmatic body is applied upon a 
lever, it has the fame effeft as if its whole weight was united 
and applied at the middle point of its axis. Let A B, 
P/afe XXXIL Mechanics ^ Jig* 7, be a cylinder, of an uni- 
form texture, C its middle point ; and it is manifeft, that if 
the point C be fupported, the equal halves of the cylinder, 
C A and C B, will balance each other about the point C, 
and the body will remain in equilibrio. Let the cylinder 
A B be didinguiflicd into any unequal parts, A D and D B ; 
bifeft A D in E, and D B in F ; thru a power applied at E, 
equal to the weight of the part A D, with a contrary direc- 
tion, will fultain it ; and a power applied at F, equal to the 
weight of the part D B, with a contrary diredHon, will 
fuftain that part ; fo that thefe two powers afting at E and 
F, refpeftively equal to the weights of A D and D B, have 
precifely the fame effeft as a prop at C, fuftaining the whole 
cylinder A B, and may be confidercd as in equilibrio with a 
power, afting at C, equal to the whole weight of the cy- 
linder. But the diltance CE = CA — AE^JAB — 
I A D i D B ; and, in like manner, the diftance C F = 
CB — BF-=:^AB-- 4 DB^ 4 Af^» confcqucntly C E 
is to C F as D B to A D ; that is, as the power applied at 
F to the power applied at E, thefe being in equiliono with 
the weight of the whole cylinder applied at C. From which 
it appears, that powers applied at E and F, which arc to 
each other in the proportion of C F to C E, fuftaib one 
another about the centre C. 

It has been objefted by M. Huygens and others, to this 
demonftration of Archimedes, that when the whole cylinder 
is dittinguiflied into two fegments, part of the weight of the 
greater fegments afts on tne fame fide of the fulcrum with 
the leffer legment ; and, therefore, when the w’holc wciglit 
of the greater feginent is contrafted into its middle point on 
one fide of the fmcnim, and afts altogether agaiiift the leffer 
fegment, it requires fome proof to Ihew, that this contrafted 
weight will be balanced by the weight of the leffer fegment . 
M. nuygens propofed a method of his own, depending on a 
poftulatum affumed in common with Archimedes, and need- 
ing demonftration, vt%* that when equal bodies are placed on 
the arms of a lever, the one which is farlheit from the fulcrum 
will prevail and raife the other up. 

Sir Ifaac Newton demon ftrales the fundamental propo- 
fition concerning the lever, from the refolution of motion : 
let C, Jig* 8, be the centre of motion in the lever K L ; let 
A and d be rny two powers applied to it at K and L, 
afting in the direftions K A and L B. From the centre^ wf 
motion, C, let C M and C N be perpendicular to thofe 'di- 
itftions in M and N ; fuppofc C M to be lefs than C N, and 
from the centre C, at the diftance C N, deferibe the circle 
N H D, meeting K A in D. Let the power A be repre- 
fented by D A, and kt it be refolved into the power D G 
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a£Hng in the direftion C D, and the power D F perpendi* 
cular to C D, by completing the parallelogram A F D G* 
The power D G, afting in the direftion C D from the centre 
of the circk, or wheel, D H N, towards its circumfrrencee 
has no effeft in turning it round the centre, from D toward 
H, and tends only to carrv it off from that centre. It k 
the part D F only that endeavours to move the wheel from 
D towards H and N, and is totally employed in this effort. 
The ppwer B may be conceived to be applied at N as well 
as at L, and to be wholly employed in endeavouring to turn 
the wheel the contrary way, from N towards H and D. If» 
therefore, the power B be oqual to that part of A which is 
reprefented by D F, thefe emorts, being equal and oppofite, 
muft detlroy each other’s effeft ; that is, when the power B 
is to the power A, as D F to DA, or (becaufe of the 
fimilarity of the triangles, AFD, DMC) as CM to CD 
or as C M to C N, then the powers muft be in equilibrio $ 
and thofe powers always fuftain each other that are in the in* 
verfe proportion of the dillances of their direftions from the 
centre of motion ; or when the prodiift of the one power 
multiplied by the diftance of its direftion from the centre, is 
equal to the produdi of the power on the other fide multi* 
plied by the like diftance from it. 

Mr. Maclaurin propofes a new method of demonftrating 
the law of equilibrium in the lever, which feems, he fays, to 
be founded on the plaineft and moli evident principles : thefe 
principles are the following, viz. that if equal powers aft 
at equal dillances on different fidcs of the fulcrum or centre 
of motion, with direftions oppofite and parallel to each 
other, they will have the fame effeft : and that, if gravity 
be fuppokd to aft in parallel lines, and the fulcrum be be* 
tween the bodies, whofe powers are eftimated, it muft bear 
the fum of their weights; becaufe the lever being loaded 
with thofe weights, it muft give way, if the fulcrum does 
not fuftain their fum : but if the powers are on the fame 
fide of the fulcrum, in which cafe one of them muft pull up* 
wards whilft the other pulls downwards, that there may to 
an equilibrium, it is then only loaded with the difference of 
the powers. 

Suppofing, therefore, firft, tvi^o equal powers, A and B, 
Jg, 9, afting in the direftions A F, jB H, to carry a body 
C, t’pun the lever A B, placed at C at equal diftances from 
then. ; it is evident that, i'i this cafe, each of the powers A 
and B fuftains one-half of the weight C, by dividing it 
equally between them. Imagine now that the power A is 
taken away, and that, in (lead of refting upon it, the end A 
of the lever refts upon a prop at A ; it is manifeft that the 
ower B, and tl e prop at A fuftain, as before, each one* 
alf of the w^eight C ; the prop now afting, in every re* 
fpeft, as the power at A before ; and, the equilibrium con* 
tinning, it appears that, in this cafe, a power B equal to 
one-half of the w'cight C fuftains and balances it, when the 
diftance of C from the prop A is one-half of the diftance of 
B from the fame ; that is, when B is to C, as C A to B At 
orBx BA = CxCA. From this fimpk inftance we 
fee, that powers aft upon a lever not by their abfolute force 
only, but that their effeft neceffarily depends upon the dif* 
tance of the point where they aft from the prop, or centre 
of motion ; and particularly, that a power balances a double 
power which afts at half its diftance from the prop, on the 
fame fide of it, with an oppofite direction. 

The cafe when the two powers aft on the different fide# 
of the prop, follows from this, by the principks already 
laid down. For let B H and C G (Jig, 10.) reprefent the 
direftions and forces with which the powers B and C aft 
upon the kver ; upon B A produced take A £ eoual to 
AC, or I A B, and in place of the power C G fubftitute 
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an equal power E K at E, with an oppodte <iire6l:ion j and, power at E, fubftitutine an equal power at e with a contrary 
by the firft thofe principles, this power £ K will have the diredion, it appears, that a power at L, as 5, fuftainsa 
fame cfFeA as C G, only the prop or centre of motion A power a^ingr at with the fame diredlion, as a, when the 
will now liiftain tlie fum of the forces E K and B H, by diftance L Bis to the diftancee B, as 4 to 3. In tnis cafe,' the 
the fecood of thofe principles. But the equilibrium between prop at B fuftains the fum of the powers ading at L and e, 
thi powers B H and E K will continue as it was before, be- that is, a power equal to feven times B H. From which it 
tween B H and C G ; fo that . the powers B H and E K follows, by fubftituting a prop at L or r, in place of 
will be in equilibrio, when the power B H is one-half of the powers that a6l there, that a power at r, as 4, uiftains a 
E K, and the diftance of £ K from the prop A is one-half power at B, as 7, about the centre of motion L, when their 
of the diftance of B H from the fame ; that is, when the diftances from it, r L, B L. are to each other as 7 to a ; and 


power at B is to the power at £, as A £ to A B, or 
BxBA=:£x£A. In this cafe, the prop A being 
loaded with both the powers B and E, which aA with the 
fame direflion, its re-a£tioD niuft be equal to their fum, 
EK-f BHsrjBH, and muft be in the oppolite direc- 
tion^ A F. In place of this re-aflion, let us now (^. ii.) 
fubftitute a power A F at A, equal to thrice B H ; and in 
place of the power E K, let us fubftitute a prop at E, fuf- 
taining that end of the lever B E ; and fince the equilibrium 
continu^ as before, it follows that the prop or centre of mo- 
tion, t^ing at E, the power B H fuftains the power A F, 
which is triple of B H, when the diftance of B H from the 
prop E is triple of the diftance of the power A F from the 
fame, that is, when BH x BEcrAF xAE. 

If we fuppofe the power E K to remain (Jig. 12.) but the 
end B of the lever E B to reft upon a prop, then tlie powers 
A F and E K will fuftain and balance each other, the prop 
atB now coming in place of the power B H ; in whicn 
A F =: 3 B H, and E K = 2 B H ; fo that A F is to 
£ K as 3 to 2 ; and the diftances £ B and A B being in 
the fame proportion, it appears that when two powers in 
the proportion of three to two a6f upon a lever on the fame 
fide of the prop, or centre of motion, with oppolite direc- 
tions, at diftances in the proportion of two to three, they 
then fuftain each other. We have demon ftrated therefore, 
that when the powers are in the proportion either of two to 
one, or of three to one, or of three to two, and the diftances 
of their application from the centre of motion are in the in- 
verfe proportion, then thofe powers balance each other, or 
are in equilibrio. 

Up.m B £ produced 13.) take £ L = E A $ and 
in place of the power A F'lubfticute a power L M = A F, 
but with a jpontrary diredion $ this power L M will have the 
fame efied to turn the lever round the centre of motion E 
as A F had ; confequently it will be in equilibrio with the 
wer B H, as A F was. Therefore, when two powers 
M and B H, in the proportion of three to one, ad upon 
a lever with the fame diredion, they are in equilibrio, if 
their diftances from the centre of motion L £ and £ B be in 
the ratio of one to three : that is, when LM x LE = BH 
X B £. In this cafe, the powers L M and B H ading 
with the fame diredion, the prop £ muft fuftain their fum 
L*hS-)-BH=4BH, by the fecond principle above pre- 
mifed. Therefore a power at L, as 3, and a power ading 
at B whh the fame diredion, as i, are fuftained by a power 
ading at £, with a contrary diredion, as 4. From which 
it follows, by fubftituting in the place of the power L M a 
prop at L, that a power at B, as 1, fuftains a power at £, at 
4, ading with a contrary diredion, w'hen B L is to £ L as 
4 to I ; that is, when the powers are inverfely as their dif- 
tances from the prop, or centre of motion* By fubftiiut- 
ing the prop at B in the place of the power B H, it appears 
that a power L M at L, as 3, fuftains a powery ading with 
an oppolite diredion at £, as 4, vhen their diftances L B 
and £ B, from the prop B. are to each other as 4 to 3, or 
when LMxLBssEKxEB, By taking upon 
Z# B produced Be B £ (fg. 14*), and in place of the 


that a power at L, as 3, fuftains the power at B, as 7, about 
the centre of motion r, when their diftances from it, L e and 
B e, are to each ocher as 7 to 3. 

By proceeding in this manner it appears, that when the 
powers are to each other as number to number, and when 
their diftances from the centre of motion are in the inverfe 
ratio of the fame numbers, then the powers fuftain each 
other, or are in equilibrio. From which it is eafy to (hew, 
in general, that when the powers are to each other in any ra- 
tio, though incommenfurable, and the diftances of their ap- 
plication from the centre of motion in the fame inverfe ratio, 
then they are in equilibrio ; becaufc the ratio of incopmen- 
furable quantities may be alw^ays limited to any degree of 
exadnefs at pleafure, between a greater and a lelTer ratio of 
number to number. To Mr. Maclaurin's demonftration it 
has been objeded, that it cannot be applied when the arms 
of the lever arc incommenfurable, and as it cannot conclude 
generally, it muft, therefore, be imperfed* 

Dr. Hamilton, having obferved that thefe feveral methods 
of d^monftrating the fundamental property of the lever are 
liable to objedions* propofes a new proof, depending on the 
following poftulatum,frix.if a force be uniformly diffufed over 
a right line, fo that an equal part of the force ads upon every 
point of theline, and if the whole force ads according to one 
and the fame plane, this force will be fuftaireJ, and the line 
kept in equilibrio, bv a (ingle force applied to the middle 
point of the line equal to the diffufed force, and ading in a 
contrary diredion. He alfo premifes this lemma : if a right 
line be divided into two fegments, the diftances between 
the middle of the whole line and the middle points of the 
fegments, will be inverfely as the fegments. This is felf- 
evident when the fegments are equal 5 and, when they are 
unequal, fince half of the whole line is equal to half of the 

f reater and half of the leffer fegment, it is plain that the 
iftance between the middle of the whole line and the middle 
of one fegment, muft be equal to half of the other feg- 
ment, fo tnat thefe diftances muft be to each other inverfely 
as the fegments. 

Let the line G H, then, ji^. 15, whofe middle point is 
D, be divided into the unequal fegments G L and L H, 
whofe middle points arc C and F, and let two forces or 
weights, A and B, which are to each other as the fegments 
G I) and L H, be applied to their middle points C and F, 
and let them ad perpendicularly on the line G H : then, 
(by the lemma ) the weights A and B will be to each other 
inverfely as C D and F (the diftances of the points C 
and F, to which they are applied, from the middle of the 
whole line) ; if then a third force or weight £, equal to 
the fum of the forces A and B, be applied to the point D, 
and ads on the line in an oppofite diredion ; I uiy thefe 
three forces will fuftain each other, and keep the line in 
equilibrio. For let us fuppofe the force £ to be removed, 
and inftead of it another force, equal alfo to the fum of A and 
B, to be uniformly diffufed over the whole line G H, and 
to ad diredly again ft the forces A and B, then the part of 
this force wliich ads on the fegment G L, will be equal to 
the force A, and therefore wiu be fuftained by it (poftu* 
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latum) ; and the other part^ which is difFufed over the feg* 
ment L H, wSl beequal to and fuftained by the force B) lo 
that the forces^ A and B will fuftain this difFufed force and 
keep the line in equilibrio. Let now two other forces 
alfo on thia line in oppofite diredionsi one of them the force 
E afting on the point D, as it was Erft fuppofed to do» and 
the other an uniformly difFufed force equal to £ (and confe- 
quently equal to the other difFufed force), then rhefe two addi- 
tional forces will alfo baUnce each other, and therefore the 
equilibrium tWll fiill remain. So that the two forces A and 
B, and a difiufed force afting on one fide of the line fuftains 
the force £, and a difFufed force a6iing on the other fide: but 
it is manifeft, that in this equilibrium, the two difFufed forces 
a^ing on oppofite Tides are perfe£lly equivalent, and therefore 
if they are taken away from lio:h fides, the equilibrium muft 
Bill remain. Hence it appears that the three weights or 
forces A, B, and E, any two of which are, (by the confiruc- 
tion) to each other inverfely as their diftances from the third, 
will fuftain each other and keep the line on which they ad in 
equilibrio ; which is the fir ft and moft fimple cafe of the 
property of the lever ; for here the diredions of the weights 
are fuppofed to be perpendicular to the line on which they 
ad, and it is evident that, if one of the points C, D, or F 
be fixed or confidered as a fulcrum, the weights ading on 
the other two points will continue to fupport each otLcr. 
The fecond cafe of the property of the lever is eafily de- 
duced from the firft ; for when two weights ad on the arms 
0{ a lever in oblique diredions, and are to each other in- 
yerfelv as the perpendicular diftances of the lines of direc- 
tion from the centre of motion, then by the refolution of 
forces, it is eafily proved that the parts oi thofe forces which 
ad perpendicularly on the arms of the lever, and which only 
are exerted to turn the lever, « are to each other inverfely as 
the lengths of thofe arms ; and therefore by the firft cafe 
they muft balance each other. 

From what has been above demonftrated, it appears, that 
the powers with which any two forces move or cmeavour to 
move the arms of a lever, arc as the rcdangles, under lines 
proportional to the forces, and the perpendicular diftances of 
their lines of diredion from the fulcrum ; and alfo that when 
two bodies ading on the arms of a lever fuftain each other, 
if one of them be removed farther from the fulcrum* it will 
preponderate ; but if it he brought nearer to the fulcrUm, the 
Other weight will prevail : becaufe the produd to which its 
force is proportional will be increafed in the firft cale, and 
diminiihed in the fecond* 

When a weight is to be raifed by means of an axle and 
wheel, it is faftened to a chord chat goes round the axle, and 
the power, which is to raife it, is hung to a chord that goes 
round the wheel. If then the power be to the weight as the 
radius of the axle.to the radius of the wheel, it will juft fup- 
port that weight ; as will eafily appear from what was proved 
of the lever. For the axle and wheel may be confidered as a 
lever, whofe fulcrum is a line pafling through the centre of 
the wheel and middle of the axle, and whofe long and Aort 
arms are the radii of the wheel and axle which are parallel to 
the horixon, and from whofe extremities the chords hang 
perpendicularly. And thus an axle and wheel may be looked 
upon as a kind of perpetual lever, on whofe arms the power 
and weight always ad perpendicularly, though the lever 
turns round its fulcrum. And in like manner, when wheels 
and axles move each other bv means of teeth on their peri- 
pheries, fuch a machine is really a perpetual compound lever ; 
and, 1^ confidering it as fuch, we may compute the propor- 
tioo Of any power to the weight it is able to fuftain by the 
hdip of fuch an en«ne. And ftnee the radii of two con- 
tiguous wheels, whme teeth are applied lo each other, are as 
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the number of teeth in each, or inverfely as the number 
revolutions, which they make in the fame time ; m may, in 
the computation, inftead of the ratio of tbefe radii, put the 
ratio of the number of teeth on each wheel ; or the inverie 
ratio of the number of revolutions they make hi the fame 
time. 

The moft natural method of explaining the effeds of the 
pulley, that is, of computing the proportion of any power 
to the weight it can fuftain by means of any fyftem ot puUiei, 
is, by confidering that every moveable pulley hangs by two 
ropes equally ftretched, which muft bear equal parts of the 
weight : and, therefore, when one and the fame rope goes 
round feveral fixed and moveable pullies, fince all its parts on 
each fide of the pullies are equally ftretched, the whole weight 
muft be divided equally amongft all the rows by which the 
moveable pullies hang. And confequently if the power 
which ads on one rope be equal to the weight divided by the 
number of ropes, or double the number of moveable pullies^ 
that power muft fuftain the weight. 

The feveral cafes in which Uie wedge is applied may he 
comprehended in one general propofition : let the equicrural 
triangle ABC (^. i6.} reprefent a wedge, the lines 
A B and C B will oe the fides of the we<^e, A C its bafe, 
or back, and its height will be the line F B bife€Ung the 
bafe A C, and alfo the vertical angle ABC. 

When any two refilling forces ad on the fides of a wedge, 
in diredions which make equal angles with the fides, (as they 
are always fuppofed to do,) a power ading peipendicularly 
at P on the bafe of the wedge will ke^ the reufting forces 
in equilibrio, when* it is to the fum of tbefe forces, as the 
fine of half the vertical angle of the wedge, to the fine of tfie 
angle which the diredions of the forces contain with the fides 
of the wedge. 

For let £ and F be two bodies ading on the fides of the 
wedge, and let them be firft fuppofed to ad in the direc- 
tions E P and F P perpendicular to the fides ; then fince the 
power P ads perpendicularly on the bafe A C, if thefe three 
forces keep the wedge in equilibrio, they will be to each 
other, as the fides of a triangle to which their diredions are 
parallel, or (which is the fame thin^) as the fides of the 
triangle ABC, to which their diredions are perpendicular. 
Therefore, the power P is to the fum of the refining forces 
which it fuftains as A C, the bafe of the wedge, to the fum of 
the fides, or as P A, half the bafe, to A B, one of the 
fides ; but P A is to A B as the fine of P B A, half the 
verti^ angle of the wedge, to the radius which is the fine 
of a right angle, and the diredions of the refifting forces are 
fuppofed in this cafe to contain a right angle with the fides 
of tne wedge. 

Let now the refifting bodies E and F be fi^pofed to ad 
on the wedge in diredions parallel to the lines D P and O P, 
which make obliqtie angles with its fides, draw £ G and F K 
perpendicular to thofe lines. From what has been proved, 
it appears that the power P is to the force with which it is 
able, by means of the wedge, to protrude the refifting bodies 
in the oiredions P £ and F F, as the fine of half the vertical 
angle to the radius ; let this protruding force be expreffed by 
the line P E, and let it be refolved into two forces exprefied 
by the lines P G and G £, the former of thefe only rnH ad 
in oppofition to the refifting bodies, therefore the Whole pro- 
truGing force of the power is to the force with which it ads 
againft' the refifting Ixidies £ and F in the diredions P D 
and P O as P £ to P G, or (becaufe the timgles £ P G 
and D P E are fimilar) as PD to P £, that is, as the radius 
to the fine of the angle P D £ } compounding, therefim, 
the ratio of the fine half the vertical angle to the radius, 
with the ratio of the radius to the fine of tiie angle PPE, 
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the power P, when the wedge ii kept in equilibrio. will be 
to tne force with which it protrudes the refitting bodies in 
direAions oppofite to thofe in which they aft, as the fine of 
half the vertical angle to the fine of the angle P D £ or 
POP, which the direftions of the refitting Torccs contain 
with the fides of the wedge. 

Hence, when the direftions in which refitting bodies aft 
on a wedge are given, we may eafily find two lines that will 
exprefs the proportion between the refittance and the power 
which fuftains it by means of the wedge. For from P, the 
middle point of the wedge, draw the line P D meeting one 
of the udes, and parallel to the direftion in which the re- 
fitting force aft 8 on that fide, then the power will be to the 
refittance as P D to P B the height of the wedge. For P D 
and P B arc to each other as the fines of the oppofite angles, 
in the triangle P B D, that is, as the fines of half the vertical 
anglei and the angle which the direftion of the refitting force 
contains with the fide of the wedge. 

From what has been demonft rated we may deduce the 
proportion of the power to the refittance it is able to fuftain, 
in all the cafes in which the wedge is applied. 

Firft, when, in cleaving timber, the wedge fills the cleft, 
then the refittance of the timber afts perpendicularly on the 
fides of the wedge ; therefore, in this cafe, when the power 
which drives the wedge is to the cohefive force of the timber 
as half the bafe to one fide of the wedge, the power and re- 
fi fiance will be in equilibrio. 

Secondly, when the wedge docs not exaftly fill the cleft, 
which generally happens becaufe the wood fplits to fome 
diftance before the wedge.; let E L F reprefent a cleft, into 
which the wedge A B C is partly driven ; as the refitting 
force of the timber mutt aft on the wedge in direftions per* 
pedicular to the fides of the cleft, draw the line P D in a 
direftion perpendicular to E L, the fide of the cleft, and 
meeting the fide of the wedge in D ; then the power driving 
the wedge, and the refittance of the. timber, when they 
balance, will be to each other as the line P D to P B, the 
lieight of the wedge. 

Thirdly, when a wedge is employed to feparate two bodies 
tliat lie together on a horizontal plane, for inftance two 
blocks of ttone ; as thefe bodies mutt recede from each other 
in horizontal direftions, their refittance mutt aft on the 
wedge in lines parallel to its bafe C A ; therefore, the power 
wht^ drives the wedge will balance the refittance, when 
they are to each other as P A, half the breadth of the wedge, 
to P B its height ; and then any additional force, fuiEcient 
to overcome the refittance arifin^ from the friftion of the 
bodies on the horizontal plane, will feparate them from each 
other. 

With refpeft to the inclined plane ; let the line A B, 
(Jig. 17.) reprefent the length of an inclined plane, AD its 
height, and the line B D we may call its bafe. Let the cir- 
cular ^dy G £ F be fuppofed to red on the inclined plane, 
and to be kept from falling down it by a firing C S tied to 
its centre C. Then the force with which this body ftretchet 
the firing will be to its whole weight as the fine of A B D, 
the angle of elevation, to the fine of the anrie which the 
firing contains with a line pei^ndicular to A b, the length 
of the plane. For let the radius C E be drawn perpendicular 
to the horizon, and C F peroemlicular to A B, and from £ 
draw £ O parallel to the itring, and meeting C F in O : 
then, as the body continues at refi, and is urged by three 
forces, to wit, by its weight in the direftion C £, by the 
re-aftion of the plane in Uie direftion F C, and by the re* 
aftion of the firing in the direftion £ O ; the re-aftion of 
the firing, or the force by which it is ftretched, is to the 
weight of the body as £ O to C E $ that is, as the fine of 
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(the angle ECO, which is^equal to) A B D, the angle of 
elevation, to the fine of the angle E 0 C, equal to S C Of 
the angle which the firing contains, with the tine C F per- 
pendicular to A B, the length of the plane. 

When, therefore, the firing is parallel to tlie length of the 
plane, the force with which it is ftretched, or with which 
the body tends down the inclined plane, is to its whole 
weight, as the fine of the angle of elevation to the radius, 
or as the height of the plane to the length. And in the 
fame manner it may be (hewn, that when the firing is parallel 
to B D, the bafe of the plain, the force with which it is 
ftretched is to the weight of the body as A D to B D, that 
is, as the height of the plane to its bafe. If we fuppofe the 
firing, which fupports the body G E F, to be fattened at S, 
and that a force by afting on the line A D, the height of 
the plane, in a direftion parallel to the bafe B D, drives the 
inclined plane under the body, and by that means makes it 
rife to a direftion parallel to A D : then, from what was 
proved in the third cafe of the wedge, it will appear, that 
this force nr: It be to the weight of the body as A D to 
B D, or rather in a proportion ^mrwhat greater ; if it makes 
the plane move on and the body rife. 

From this laft obfervation we may clearly (hew the nature 
and force of the ferew; a machine of great efficacy in railing 
weights, or in prefiing bodies v.*lofely together. For if the 
triangle A B D be turned round a cylinder whofe periphery 
is equal to B D, then the length of rhe inclined plane B A 
will rife round the cylinder in a fpiral manner, and form 
what is called the thread of the ferew, and we may fuppofe 
it continued in the fame manner round the cylinder, ^om 
one end to the other ; and A D, ihe height of the inclined 
plane, will be every whtre the between two con- 

tiguous threads of this ferew, which i<> cuiled a r onvex ferew. 
And a concave ferew may be formed to fit this exaftly, if 
an inclined plane every way like the former be turned round 
the infide of a hollow cylinder, whofe periphery is fome- 
what larger than that of the other. Let us now fuppofe 
the concave ferew to be fixed, and the convex one to be 
fitted into it, and a weight to be laid on the top of the con- 
vex ferew ; then, if a power be applied to the periphery of 
this convex ferew to turn it round, at every revolution the 
weight will be raifed up through a fpacc equal to the 
dittance between the two contiguous threads, that is, to the 
line A D, the height of the inclined plane B A ; therefore, 
iince this power applied to the periphery afts in a direftion 
parallel to B D, it mutt be to the weight it raifes as A D 
to B D, or as the diftance between two contiguous threads, 
to the periphery of the convex ferew. 

The diftance between two contiguous threads is to be 
mcafured by a line parallel to the axle i if we now fuppofe 
that a handfpike or handle is inferted into the bottom 01 the 
convex ferew, and that the power which turns the ferew is 
applied to the extremity 01 this handle, which is generally 
the cafe ; then as the power is removed farther from the axis 
of motion, its force will be fo much increafed, and therefore 
fo much may the power itfelf be diminifhed. So that the 
power which, afting on the end of a handle, fuftains a 
weight by means of a ferew, will be to that weight, as the 
diftance between two contiguous threads of the ferew, to 
the periphery deferibed by die end of the handle. In thia 
cafe we may confider the machine as compofed of a ferew 
and a lever, or, as fir Ifaac Newton expre&th it, Cumus a 
impMu* 

Protefllor Vince, premifing that Dr. Hamilton’s demon* 
(Iration depends upon this propofition, that when a body is 
at reft, and afted upon by three forces, they will be as the 
three fides of a triangle parallel to the direftions of the 
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forced) aQowi this principle to be truC) when the three forces 
ad at any point of a body ; but) confidering the lever as the 
body) the three forces aft at different pointS) and therefore 
the principle, as applied by ^he author, is certainly not ap- 
plicable. If in this demontlration we fiippofe a plane body, 
in which the three forces aft, inftead of fimply a lever, then 
the three forces being aftually direfted to the fame point of 
the body, the body would be at reft. But in reafoning 
from this to the cafe of the lever, the fame difficulties would 
arife, as in the proof of fir L Newton. But admitting that 
all other objeftions could be removed, the demonftration 
fails when any two of the forces arc parallel. Another dc- 
monftration is founded upon this principle, that if two non- 
elaftic bodies meet with equal quantities of motion, they will, 
after impaft, continue at reft; and hence it is concluded, 
that if a lever which is in equilibrio be put in motion, the 
motions of the two bodies muft be equal ; and therefore the 
preffures of thefe bodies upon the lever at reft, to put it in 
motion, muft be as their motions. Now in ^he firft place, 
this is comparing the effefts of preffure and motion, the rela- 
tion of the meafurcs of which, or whether they admit of any 
relation, we are totally unacquainted with. Moreover, they 
aft under very different circumftances ; for in the former cafe, 
the bodies afted immediately on each other, and in the latter, 
they aft by weans of a lever, the properties of which we are 
fuppofed to be ij^norant of. When forces aft on a body, 
confidered as a point, or direftly againft the fame point of 
any body, we only eftimate the effeft of thefe forces to 
move the body out. of its place, and no rotatory motion is 
either generated, or any caufes to produce it, confidered in 
the inveftigation. When we, therefore, apply the fame pro- 
poCtion to invelligaie the effeft of forces to generate a rota- 
tory motion, we manifeftly apply it to a caie which is not 
contained in it, nor to which there is a fingle principle in the 
propofition applicable. The demonftration given by Mr. 
Landen, in his Memoirs, is founded upon felf-evidcnt prin- 
ciples, nor does our author fee any objeftions to his reafoning 
upon them, But as his inveftigation confifts of feveral cafe8» 
and is befides very long and temous, fomething more fimple is 
ftill much to be wifhed for, proper to be introduced in an 
elementary treatife of mechanics, fo as not to perplix the 
young ftudent either by the length of the demonftvitinn, or 
want of evidence in its principles. What tlie ingeribiH Pro- 
feffor propofes to offer will, he hopes, render the whole bu- 
finefs not only very fimple, but alfo pcrfeftly fatiA&ory. 

The demonftration given by Archimedes would be very 
fatisfaftory and elegant, provided the principle on which it 
is founded could be clearly proved ; w». that two equal 
powers at the extremities^ or their /urn at the middle of a lever^ 
would have equal eJeSs to move it about any point. Now, that 
the effefts will be the fame, fo far as refpefts any progreffive 
motion being communicated to the lever when at uberty to 
move freely, is fufficicntly clear j but there is no evidence 
whatever that the effefts will be the fame to give the lever a 
rotatory motion about any point, becaufe a very different mo- 
tion is then produced, and wc arc fuppofed to know nothing 
about the efficacy of a force at different diftances from the 
fulcrum to produce fuch a motion- Befides, the two mo- 
tions arc not only different, but the fame forces are known 
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to produce Afferent effefts in the two cafes ; for in the former 
cafe the two equal pemm at the extremities of the arms pro- 
duce equal effefts in generating a progreffive motion ; but in 
the latter cafe they £> not produce rycro/effefti in generating 
a rotatory motion. We cannot therefore reafon from one to 
the other. The principle, however, may be thus proved. 

Let A, C, {pg, i8,) be twoequal bodies placed on a ftraight 
lever, A P, moveable about P ; bifeft AC in B, produce 
P A to Q, and take B Q s B P, and fuppofe the end Q 
to be fuftained by a prop. Then as A and C are limilarly 
fituated in refpeft to eacn end of the lever, that is, A P s; 
C Q, and A Q ~ C P, the prop and fulcrum muft bear 
equal parts of the whole weight ; and therefore the prop at 
Q will be preffed with a weight equal to A. Now take 
awav the weights A and C, and put a weight at B equal 
to their fum ; and then the weight at B being equally diftant 
from Q and P, the prop and* fulcrum muft luftain equal 
parts (H the whole weight, and therefore the prop will now 
alfo fuftain a weight equal to A. Hence if uie prop Q be 
taken away, the moving force to turn the lever about r in 
both cafes muft evident^ be the fame ; therefore the effefts 
of A and C upon the lever to turn it about any point are 
the fame as when they are both placed in the middle point 
between them. And the fame is manifeftly true if A and 
C be placed without the fulcrum and prop. If, therefore, 
A C be a cylindrical lever of uniform denfity, its effeft to 
turn jtfelf about any point will be the fame as if the whole 
were collefted into the middle point B ; which follows from 
what has been already proved, by conceiving the whole 
cylinder to be divided into an infinite number of laminae 
perpendicular to its axis, of equal thickneffes. 

The principle, therefore, alfumcd by Archimedes is thus 
eftabliifaed upon the moft felf-evident principle, that is, that 
equal bodies at equal diftances muft produce equal effefts ; 
which is manifett from this confideration, that when all the 
circumftances in the caufe are equal, the effefts muft be 
equal. Thus the whole demonftration of Archimedes is 
rendered perfeftly complete, and at the fame time it is very 
ihort and fimple. The other part of the demonftration we 
(hall here infert, for the ufe of thofe who may not be ac- 
quainted with it. 

Let X Y {fg, 19.) be a cylinder, which bifeft in A, oa 
which point it would manifeftly reft. Take any point Z, 
and bifeft Z X in B, and Z Y in C ; then, from what has 
been proved, the effefts of the two parts Z X, Z Y to turn 
the lever about A is the fame as if the weight of each part 
were collefted into B and C refpeftively, wnich weights are 
manifeftly as Z X, Z Y, and which therefore conceive to be 
placed at B and C. Now A B = A X ^ X B = f X Y 
-tXZ = }YZ;andAC = AY--YC = tXY 
— iZY = fXZ; confequcntly AB : ACtt^YZ: 
i X Z :: Y Z : X Z :: the weight at C : the weight at B. 

The property of the ftraight kver being thus eftabli(hed» 
every thing relative to the fcnt lever immediately follows. 
See Macliurin’s Account of fir Ifaac Newton's Phil. Difc. 
bookii. chap. 3. Hamilton’s Phil. Eff. elf. 1. or Phil. 
Tranf. liii. p. 116. Phil. Tranf. vol. Ixxxiv. art. p. 331 
&c. 
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Melting-cone 


MELTING-Cone, in AJfaylng, is a fmall veflel made 
of copper or brafs, of a conic figure, and of a nicely po- 
lifhed iurface within. Its ufe is to receive melted metals, 
and ferve for their precipitation, which is effefled, when two 
bodies melted together, and yet not mixing perfc^y with 
one another in the fufion, feparate in the cooling into two 
ftrata, on account of their different fpecific gravity. This 
precipitation might be made in the fame vefld in which the 
tnfion is performed ; but then the melting-pot or crucible 
muft be broken every time to get it out, whereas the conic 
ftape, and poliflied iurface of this veffel, makes iteafily got 
out without violence. The (hape of this veflel is alfo of 
another ufe in the operation ; for by means of it, the heavy 
matter fubfiding to a point, is formed into a perfed and 
feparate regulus, even where the whole quantity, as is very 
frequently the cafe, has been but very fmall, 
when the quantity of the melted matter is great, it is 
common to ufe, inftead of this cone, a large brafs or iron 
mortar, or any other conveniently lhaped brafs or iron veflel. 
It is ncccfifiiry, when the cone la of brafs, to be cautious 
that it be not made too hot ; for the brittlenefs of that 
metal, when hot, makes it eafily break, on the ftriking 
with any force on that occafion, to make the melted mats 
Moot. 


Tbefe, and all other moulds for the receiving melted 
metals, muft always be well heated before the mafs is poured 
into them, left they (hould have contraded a moifture from 
the air, or have been wetted by accident ; in which cafe the 
melted metal will be thrown out of them with great violence 
and danger. They ought alfo to be fmcared over with tal- 
low on tneir infide, that the regulus may be the more eafily 
taken out of them, and the furface of the mould not cor- 
roded by the melted mafs poured in. 

If a very large quantity of a metal is, however, to be 
received into them, and elpecially if any thing fulpbureous 
have place among it, this caution of tallowing the moulds 
does not prove fufficient ; for the large quantity of the mafs 
makes it continue hot fo long, that tms becomes but a flight 
defence to the furface of the mould. In this cafe the aflayer 
has recourfe to a lute, reduced to a thin pap with water, 
which being applied in form of a very thin cruft, all over 
the infide of the cone, or mould, foon dries up, indeed, but 
always preferves the fides of the veflel from the corrofion 
of tne mafs. And this caution is found neceflary, even 
when pure copper is melted alone, without any mixture of 
fulphur. 



Merthyr Tydfil 


MERTHYR Tydvil, otTud/yl, in » large 

and populous markeUtown, fituated in the cwmn'd of Seoghe* 
nydd, caiitref of Brenhinoh now the hundred of Caer^illy» 
and county of Glamorgan, South Wales. It is a pMce of 
great antiquity, and is faid to derive its name from^dvil, 
the daughter of Brechan, prince of BrecknockOiirei who was 
murdered here, along with her father and brother, Rhuo 
Dremrudd, by a party of Saxon marauders, about ^ clofe 
of the fifth century. Tydvil was the wife of Cyngin, foa 
of Cadell, prince of the vale royal and part of Powys, and 
is reckoned among the number of the ancient Britilh faints^ 
After her death, the Saxons having been expelled bv the 
prowefs of her nephew, Nevydd, a church was erefied and 
dedicated to her at this place, and called the church of 
Merthyr Tydvil, which in Welfh fignifies “ the Martyr 
Tydvil'’ 

From ^his period, nothing occurs defcrving of notice re- 
lative to Mertnyr Tydvil, tiu about the year i6ao, when it 
was diftinguifhed for its zeal in the caufe of non-conformity. 
Though then trivial in extent and political importance, it 
was neverthelefs a fort of hut-bed, which contributed in no 
fmall degree to engender and keep alive. Tor more than a 


century, thofe religious diflentioue, the effedti of which dill 
continue viiible in the reparation of the greater proportion of 
the inhabitants of Wales from the eilablilhed church. In 
1755 a new era commenced in tlic liillory of this place. 
The ex^enfive and valuable mines in its immediate vicinity 
had hitherto attraded but little notice. At this time, how- 
ever, Mr. Bacon particularly directed his attention towards 
them ; and having obtained a leafe of a diftriA, extending 
about eight miles in length, and four in breadth, at the mo- 
derate rent of 200/. per miiumf immediately began opera- 
tions, and ereAed extenfive works for the fmelting and 
forging of iron. This gentleman continued, increafmg Ids 
elUbliihment till the year 1783, when he deemed it proper 
to let out the greater part of his property to Mr. Crawihay, 
and the remainder to Mr. Hill :. at tlie fame time, he re- 
ferred to himfelf a certain tonnage on all the iron manufac- 
tured above a fpecified quantity. The new proprietors foun 
augmented the works; and the part belonging tO' Mr. 
Crawfliay, at Cyfartha, are now by far the larged in this 
kingdom, and probably in Europe. He employs no fewer 
than 1500 men, at an average of 30 fbillingi a weekprrman. 
Jbe weekly. sragM paid for laboox amount t» 1500 pounds. 
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The teerege of iron produced from thefe works i» from i8o 
to 200 tons a week. Si* furnaces and two rolling-mitts are 
employed. For procuring blaft for the furnaces and work- 
ing the mills, there are four fteam-engines ; one of fifty, one 
of forty, one of twelve, and one of fcven horfe power. The 
firft engine is connefted with the four upper bM-furnaces, 
to whiA is a water-engine annexed of nearly the lame power. 
The macldnery of this eftablilhment is truly gigantic j and 
that part of it worked by'water is curious, and certainly 
highly powerful. The great water-wheel is a moll extra- 
ordinary piece of mecbnifoi : it was conllruiSed under the 
fuperintendance of Watkin George, and meafures 50 feet 
in diameter. W. George was then a carpenter empbyed 
about the works : he was afterwards taken into partnerlhip, 
and received 20,000/. to give up his (hare. Befides thefe 
works, and thofe of Mr. Hill, there are two others at Pen- 
darren and Dowlais ; the former producing about 140 tons 
of iron weekly, and the latter about three fourth-parts of 
tbt quantity. The total number of fmelting-fumaces near 
this town is feventeen, viz. Dowlais four, Pendarren three, 
Plymouth (Mr. Hill) four, and Cyfartha fix. 

No fad can better illullrate the magic influence of trade 
on the condition of a country, than the rapid change which 
bat been effeded at Merthyr Tydvil and its neighburhood. 
Forty years ago, this town was an inconfiderable village, 
and contained only a few hundred inhabitants ; whereas, by 
the foie operation of its iron-works, it has rifen to be by far 
the larged and mod populous town in Wales. The in- 
habitants of this parilh were edimated at 7705, in 1801 ; 
but the population is conjedured to amount to 10,000 
perfons. In 1803 the money railed for the poor rates, at 
6 t. 6 J. in the pound, was 1453/. 17/. lolj. The dreets 
in general are clofe and confined, and have no proper out- 
lets behind the houfes. Confiderable improvements, how- 
evef, have already been made within thefe lad five or fix 
years. Such dreets at have been built fince that period are 
muc h better arranged, and wider than thofe which were 
ereded earlier. At Pendarren is a large and elegant houfe, 
furrounded by beautiful gardens and pleafure-grounds, be- 
longing to Mr. Homfiray. The parilh churchvrebuilt in 1806, 
is a large and handfome building ; and befides it, there is a 
fpacious chapel built by Mr. Crawlhay. The meeting-houfes 
for diflenters of different feds are about eleven in number ; 
three Baptids, two Prefbyterian, two Independents, two in 
the Welley connedion, and two in that of Whitfield. A 
theatre has been lately ereded here. There is likewife a 
plnlofophicBl fociety here, as well as a printing-houfe, and 
a book-fe^. The inhabitants of this town are chiefly 
Wellh, and the language fpoken in it almod entirely fo. 
Lefs immorality prevails than might be expeded in a place 
where the population confids chtefly of jhe lower ordets. 
TUs is partly owing to the circumdance of the iron-mailers 
and clergymen being ufually magidrates for the county, and 
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partly to the effed of religious indruction. Thefe magif- 
trates tove the power of nominating the requifice number of 
condables, aUd mud fubmit all their proceeaingt to the quar- 
ter and great feffions. A court of contcience, for the recovery 
of fmali debts, has been indituted here by ad of parliament, 
within thefe three years. This town has three market-places, 
which are well fupplied twice every week, on Wednefdays 
and Saturdays. It has likewife feveral fairs during the year. 

The weighty and valuable produdions of Merthyr Tydvil 
find an eafy conveyance to the foa, by meant of a canal 
which extends hence to Penarth harbour, in the Bridol 
channel, being navigable as far as Cardiff for veffels of joo 
tons, and above that town for barges of too tons. This 
ra n^l) begun about 22 years ago, was completed in 1798. 

At the Cyfartha works, where it terminates, it it 568 feet 
above the level of the fea ; which elevation is effeded by 
means of about 40 locks. A new tram road runs nearly 
by its fide, through its whole courfe, extendmg altogether 
26 miles in length. 

Befides its iron ores, the neighbourhood of this town is 
abundantly produdive of other minerals ufeful in the arts, 
and cQnfequently fubfervient to the convenience and hap- 
pinefs of man. Coal, fu indifpenfibly necelTary in the ma- 
nufadurc of the iron, is fupplied in immenfe quantities, and 
of excellent quality. Good mill-dones and donee for paving 
are ttkewife abundant ; and in the lime-done rocks are found 
beds of black and variegated marble, not inferior to any in 
the kingdom. 

About two miles from the town, on the fummit of a lofty 
mountain, is fituated a very ancient market-place, where 
weekly markets have now been held for upwards of 800 
years, during the lummer feafon, from the 14th of May till 
the 14th Odober, This lingular market is Hill much fre- 
quented. Several fairs arc iikew'ifc held here for cattle, 
though the houfes in the place do not exceed fix in num- 
ber. 

Morlais caftle dands about three miles to the north-wefl. 
It is fituated on the fummit of a hill, about half a mile from 
the ancient road over the mountains from Cardiff to Breck- 
nock, overlooking a ravine of great depth, in the bottom of 
which runs a branch of Taff Vechan river. The area of 
this cadlc forms an irregular pentagon, defended on the 
fouth and eall fides by a very large and deep trench cut in 
the folid rock. On the north and well fides it is rendered 
fuificiently llrong, by the bold and rugged precipices which 
overhang the dingle. The whole of this cattle is now in 
ruins, it was built by Ivor Petit, or Ivor Bach, the fon 
of Cedevor, who was no lefs diftinguilhcd for hit valour 
than for the uncommon fmallnefs of his ftature. Malkin'a 
Scenery, Antiquities, and Biography of South Wales, 
2 vols. 8vo. 1807. Carlille's Topographical Diftionary 
of Wales, I vol. 4to. 1811. 



Metals 


M£ll!*ALiS» in Chemiftry^ a clafs of fimple bodies pof- 
fcfling peculiar proj^crties. The ancients, who valued thefe 
bodies moll for their phviical properties^ did not beftow the 
exclufive name of metal on any body which was not mal- 
leable. Other bodies* which poflefled fimilar charadlersi 
without being malleable, were called femi-metals. The pe- 
culiar brilliancy belonging to the metals is perhaps their moll 
generally diftinguiftiing character. The luftre exhibited by 
mica has fome refemblance to the ludre of metals, but it is 
very inferior in degree, and is merely confined to the furface* 
The great fpecific gravity of moil metals has been thought 
a fufficicntly diftinguifliing character. This property, to a cer- 
tain extent, was very ftriking. Till the late difeoveries of Mr. 
(fir H.) Davy, the lighted of the known metals was of greater 
fpecific gravity than the denfed body which was not a metal. 
The bafes of potafh and foda, however, have all the cha- 
racters of metals, with the exception of being defective in 
the property jud alluded to, fince potaffmm and fodium are 
of lefs fpecific gravity than water. From thefe fads, there- 
fore, we are no longer allowed to fay that all metals are of 
greater fpecific gravity than other bodies. 

In the prefent date of our knowledge there appear to be 
two claffes of elementary matter, namely, oxygen, which 
conditutes one clafs, and oxydable bodies, or fuch bodies as 
combine with oxygen. Of the latter clafs, out of 45 va- 
rieties, there appear to be only five which are not metallic. 
The metals, therefore, comprife by far the greated part of 
the elementary bodies. 

Dr. Thomfon has divided the metals into four claffes : 
X. Malleable. 2. Brittle and eafily fufed. 3. Brittle, and 
difficultly fufed. 4, RefraClory. 

I. Malleable. 

Gold. 8. Mercury. 

Platinum. 9* Copper. 

8Hver. 10. Iron. 

Palladium 11. Lead. 

Rhodium. 12 Tin. 

Iridium. XJ. Nickel. 

Ofmium. 14. Zinc. 

II. Brittle, and eafily fufible. 

1. Bifmuth. 3. Tellurium. 

2. Antimony. 4. Arfenic. 

III. Brittle, and difficultly fufible. 

1. Cobalt. 4. Molybdenum. 

2. Manganefe. 5- Uranium. 

3. Clironium. 6. Tungden. 

IV. Refraaory, 

I. Titanium. 3. Cerium. 

Columhiiim. 

Befidcs the metals arranged in this table, there are t number 
of others lately difeovered by Mr. Davy, which are the 
bafes of fome of the earths, and the two fixed alkies. If 
the whole of the earths, as well as the two fixed alkalies, have 
metallic bafes, the number of metals to be added to the 
above will be 13. Thofe from pot afti, foda, barytes, dron- 
tian, ainc, and magncfia, have already been obtained, and 
have been named by Mr. Davy, potaflium, fodiutn, barium, 
ilrontiiim, calcium, andmagnefium. The four firft of thefe 
appear to be malleable metals \ the others are not fafficiently 

known. ... 

Thofe metals which are not liable to be oxydated by ex- 
pofure to the air, fuch as gold| platinaf filver, &c. have 


been called noble ; while thofe wliich become tarnidied and 
corroded, were termed bafe metals. Thefe didinCtioiis havu 
now become obfolctc. 

The metals have always, and mud continue to be of the 
utmod importance in chemidry, in the arts and manufadiures, 
and in domcilic economy. Their malleability and hardnefs 
render them highly fitted for making various veffels and uten- 
fiis, and their lu/tre and colour aie agreeable to the eye. The 
properties of hardnefs and tenacity united fuch as belong 
to iron and deel, are of great utility in various kinds of edge- 
tools, and the elaiiicity which is condituted by certain degrees 
of thefe two properties, could fcarccly be iurnidied by any 
other fubdunce than iieel ; hence its great ufcfulnefs for 
making fprings. 

The dudlility of fome metals is fo great, as to admit of 
its being drawn into wires much finer th.an a hair. Gold, al- 
thougli the mod larainahle of all the nietals, or which may be 
made into the thinned leaves, does not admit of being drawn 
into the fmalled wire, owing to its wa.;t of hardnefs. Iron, 
in confequence of poffelllng greater hardnefs, with a confi- 
derable portion of that property by which the particles of 
bodies attraiEI each other in all fituations equally, is capable 
of being drawn into finer wire than gold. Indeed pure gold 
is lefs du6lil« than when it contains a certain portion of cop- 
per. In treating of fome of the phyfical properties of me- 
tals, fuch as malleability, dudtility, nardnefs, and tenacity, 
much uncertainty has prevailed, from the want of fome of 
thefe terms having definite meanings. 

That property of a metallic bar or wire, by which it refids 
the adlion of a weight in the direftion of its length, has 
been called tenacity, and this is always the meafurc of its 
ftrength. This power in metals, however, is evidently de- 
pendent upon two properties, one of which is its hardnefs, 
and the other a property for which philofophers have no pre- 
cife word ; perhaps the word flexibility may come the near- 
ed. We mean, however, that property by which its par- 
ticles can be changed into any fituation, without reparation. 
In tlie drawing of a piece of wire, fome of thofe particles 
which conditutc its thicknefs, before it paffes through the 
hole of the wire-plate, are, by the procefs of drawing, 
brought into the direction of its length. This property iii 
the greated degree enables a piece of wire, or a thin flip of 
metal, to be bent backwards and forwards without break- 
ing. A Angle experiment will fatisfy any one of the pro- 
priety of thefe remarks. Take a piece of copper or iron wire, 
previoufly well annealed, and it will be found exceedingly 
flexible, aod may be twided or bent confiderably, without 
breaking. If a weight be hung to it, with a view to break 
it, it will dretcb confiderably before it breaks. If a piece 
of the fame wire be drawn through one or two holes, it will 
be found much differ and harder, and of courfe fmaller : it will 
alfo be lefs capable of being bent or twided without break- 
ing. If, however, a trial be made of its drength, it will 
require a much greater weight to break it than in the anneal- 
ed date ; although its diameter is diminifhed. If the hard- 
nefs be dill increafed by thefe means, a maximum of drength 
would be found under fome joint proportion of the hardnefs, 
and the property of bending or twiding, which we may for 
the prefent call flexibility. It i& on this latter property, with 
a certain degree of hardnefs, that the malleability and du£li- 
lity of metals depend. It requires rather lefs hardnefs to 
make a metal to the bed advantage into flieeta, than to draw 
it into wire. This evil, however, of the wire breaking 
from being foft, may be remedied by making lefs difTerence 
in the fiite of the holes in the wire^plate. By this means the 
greated duAility and malleability may exift under the fame 
degrees of hardnefs and flexibility. 
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Metals^ with regard to their hardnefs and flexibilityi are 
very different under different circumftances. Some metals* 
however, are more fufcepcible of this change than others. 
Steel may be fo foft and flexible as to bear much twtftin^, 
and 1 ^ eaiily penetrable by the file, which happens when tt 
18 newly annealed ; while, if it it heated red*hot, and cooled 
rapidly, it becomes extremely brittle, and is fufficiently hard 
to cut glafs. Lead, on the contrary, under jdl circum- 
flances, has the fame degree of iliffnefs and hardnefs. The 
fame is pretty nearly the cafe with tin. 

Some hints were given under the article Liquidity, 
which may throw fome light on this mvfferious property of 
metals. It is there conjedured, that tne particles of bodies 
may be capable of affuming two ftates, one in which the 
particles attrad etch other equally in all diredions. Hence 
whatever motion may take place among them, the fame at* 
tradion ftill exiils It is in this ftate that bodiescan beahanged 
in their figure, without deftroying their aggregation. 

On the other hand, it is fuppofed that the particles 
of bodies, under certain ctrcumilaoces, may poffefs polarity $ 
and that the flrongeff attradion, and, confequently, their 
greateff hardnefs, may exift, when the particles are fo arranged 
that oppofite poles are prefented to each other. Any thing, 
therefore, wmeh facilitates this change to polarity, will in* 
creafe the hardnefs of a body. The cryftalline form, which 
is common to fome metals, ftrongly favours this idea ; fince 
metals are always harder in this ftate, than when their Jibrous 
form^ as it is called, is brought about. Metals feem to ac* 
quire the greateft hardnefs by cooling rapidly, through a 
great range of temperature. It is in this change, there- 
fore, tliat the particles acquire the greateft polarity, and by 
which the body becomes the moft brittle and elaftic. Indeed 
it is on the principle of polarity only, that we are enabled 
to explain the elafticity of bodies. Heat appears to be the 
moft efficacious in deftroying the polar property. The body 
would, however, regain it by rapid cooling ; but by flow 
cooling, it is rendered foft to the greateft degree of which it 
is cap^le, and in the fame proportion malleable and inelaftic. 

The hardnefs of metals, when they have been annealed, 
may be confiderably increafed by hammering, rolling, or wire- 
drawing. This change appears to be brought about merely 
by condenfation. The fmall degree of polarity left in the 
particles will exhibit itfelf in the elafticity, when the parti- 
cles are brought nearer together. It will be equally evident 
that the particles will be attracted with more force, and that 
the hardnefs will be increafed. The hammering does not 
appear to increafe the hardnefs of a body which has aflumed 
the cryftalline form,' under which the greateft polar power is 
fuppofed to exift, but rather to diminifli it. If a piece of 
Heel plate, which has been hardened and tempered, be ham- 
mered carefully, the daftidty and hardnefs become lefs. 
Upon heating it, however, till it becomes blue, the elafti- 
city returns* The hammering, in this inftance, deranges the 
poles of the particles, which the flight heat reftores to their 
proper pofltions. 

From what has been obferved it will be eafy to infer, 
that no metal can be malleable under its cryftalline or jx>lar 
form. Several of the metals are fcarcely fufceptible of this 
form : among thefe we may enumerate gold, iilver, and lead, 
and, in all probability, mercury. Others are deprived of it, 
and become malleable by hammering or rolling at a certain 
temperature. Of thefe are copper, brafs, iron, fteel, tin, 
and xinc* There are other metals, indeed the greateft part 
of them, which are not capable of any other than the cryf- 
talline form, and hence are not malleable. Of thefe we may 
mention antimony, bifmuth, arfenic, cobalt, and maiiganefe. 
IVhat ftrengthens the idea that the cryftaffine form is tlie 
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caufe of the want of foftnefs and malleability, is the dr« 
cumftance of copper and tin being feparately very foft and 
malleable ; though an alloy of thefe two metals is as hard as 
fteel, and does not poffefs the leaft malleability. Caft fteel 
and bliftered fteel are in tlie cryftalline form, till they have 
been hammered at a certain temperature. In the firft ftate 
they are bard and brittle ; in the latter, they are flexible, and 
are increafed in tenacity. 

Brafs wire appears to undergo fome change in its arrange- 
ment, by hanging up in a damp room, or in fituations 
w'here the fumes of acids prevail. It becomes fo brittle as 
not to admit of bending to a right angle. This appears to 
arife from an increafe in its peflar form, for heating it red- 
hot partly reftores its malleability. 

The fufibility of metals is a very valuable prcmeity, fince 
it not, only admits of their being caft into almoft any form, 
but the reiufe can be made into its original form, which al- 
lows of great economy. 

Some metals are better fitted for calling than others. It 
is obferved, that all thofe metals of which we have fpoken 
as being fufceptible of the cryftalline form, are the befi 
calculated to take fine impreflions. At that point in which 
the metal paffes from the liquid to the folid form, a fudden 
cxpanfion takes pbee, by which the volume is increafed, and, 
inconfequence, preffes more ftrongly againft the (ides of the 
mould. This is particularly the cafe with brafs, caft iron, 
and copper with tin. In forming albys the moft fitted for 
catting, a fimple method offers itfelf. Let the fpecific gra- 
vity of the folid be as much .as pof&ble lefs than the liquid. 
In fuch bodies it wi!l be found that the folid metals will float 
upon the liquid. 

The property which metals poffefs of refledling light, is 
hii^hly important in the arts, fciences, and in common life. 
The furfaces of many of the metals, when they are fmootb 
and poliflied, refled almott all the light which falls upon 
them. \V^hitc metals refleft more light than thofe which 
are coloured. The hardett metals are bett fitted for re- 
fledors, becaufe they affuroe the flaett polifh. It has been 
thought that this property depended upon the denlity of 
thefe fubitances. This idea, however, feems incorred, 
iince fodium and potaffium, which are lefs denfe than 
water, appear to poffefs the power of refleding light equal 
to many other metals. It is the great quantity of Wht 
which they refled to which they owe their luttre. The 
great facility with which metallic bodies condud heat is of 
incalculable utility in the arts, and in the economy of human 
life. The boiling of mott fluids would be almott imprac- 
ticable in any other veffels than thofe of metal. 

This property has been applied to great advantage in the 
procefs of drying various articles. Large tubes of metal, 
being filled with Iteam, are kept conftanUy at nearly 
The goods to be dried are wrapped round the outfide of the 
tube. 

The metal gives its heat with fuch facility, as to dry the 
fubftances upon it in a very little time. 

Metals are the bett condudors of eledricity, and hence 
are highly ufeful in eledrical fcience, as well as in preferring 
the leffer conduding fubttances from the effeds of lightning. 

The greater number of the metals are aded upon by the 
air, efpecially when aided by heat. Metals were thought 
by the ancients to be compounds of an earth combined with 
phlogitton. When thefe bodies were aded upon by the 
air, they fuppofed that the phlogitton was feparated, leaving 
behind iji calx, or earth. The ancients did not weigh their 
produds, or elfe they would have found, that although this 
imaginary fubftance phlogitton hadefc^d, yet therenduum 
was heavier than the original metal. By the greater acen- 
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racjr of modem experimenters^ it has been found that the 
metal is the fimple bodyi and that, by combining with the 
oxygen of the atmofphere, the metal is converted into a fub- 
ftance of an earthy appearance, which, in modem chemiary, 
is called an oxyd of the metal. 

The bodies formed by the combination of metals with 
oxygens exhibit, as well as the metal, an ample field of utility 
to man* Thefe bodies, in various forms, are valuable aux- 
iliaries in the healing art. Some of them conftitute rick pig- 
ments of the utmofl importance to the arts. Others are 
not lefs valuable to the dyer and the bleacher. Several 
metallic oxyds are ufed to great advantage for poliihing mar- 
ble, glafs, and metals. 

l^TALS /or Specula, See Speculum. 

Metals, Colouu from. As metals have a ftrong texture 
in their metalline form, fo they preferve their natur^ colours 
durable, unlefs corroded or diiTolved by particular men- 
ftruums, after which their folutions ftrike particular durable 
colours, or afford the ilrongeft ihuns. 

Iron diffolvedin ftale fmall beer gives the beautiful yellow 
and different (hades of buff colour, ufed in printing linens and 
cottons, 8lc, When fublimed with fal ammoniac it alfo 
affords a yellow ; and the common iron-moulds made by ink 
are owing to the iron diffolved in the copperas of whicu ink 
is made. 

Copper melted with zinc appears of a gold colour ; dif- 
folved in aquafortiSi it affords a beautiful green ; and in 
toy alkali a beautiful blue. And thefe folutions may be 
reduced to dry colours by cryfiallization or evaporation; 
and the fame metal, precipitated out of aquafortis with 
common falts, gives the turquoife colour to white glafs. 
Tin, a white or colourlefs metal, affords a light blue emour, 
when fluxed with antimony and nitre. The fame metal is 
neceffary in ftriking the fcarlet dye with aquafortis and 
cochineal ; and its calx, by ftrong infufion, turns to a glafs 
of an opal colour. 

Load, corroded by the fumes of vinegar, gives the fine 
white cerufs ; burnt in a ftrong naked fire, it b^omes the 
^rong red-lead, or minium ; and melted into a ghfil with 
&nd, is of the hyacinth colour. Shaw's Leftures, p. 171 * 

Silver being diffolved in ^uafortis, if chalk be put to the 
folution, turns of a beautiful purple or amethyft colour; 
end its own folutioa, though pale as water, durably ftains 
the nails, (kin, or hair, brown or black. 

Quickfilver, mixed with brimftone, makes a black mafs, 
and this, by fublimation, affords the beautiful re4 pigment 
called cinnabar, or vermilion ; and the folution Oi quick* 
filver being precipitated with common fait, yields^ a fnow- 
vvhite powder, which alfo turns black by being mixed with 
fulphur. 

Gold, dilTolved in aqua regia, affords a fine yellow liquor, 
which ftains animal fubftances beautifully purple ; and if 
the folution be fulficicntly weakened with water, and mixed 
with a folution of tin, a fine red or purple powder may 
be procured, very ufeful for ftaining of glafs and paftes 
to a beautiful red. 

It appears, from the experiments of (5r Ifaac Newton, re- 
lating to the changes of colour that take place in pellucid 
colourlefs fubftances, that the lefs refrangible colours arc 
exhibited by the greater thick nefs of air, water, and glafs ; 
and that as the tnicknefs of thofe fubftances is diminifhed, 
they refleft the more refrangible colours. Hence he infers, 
thi(tt nothing more is requifite for producing all the colours 
of i^tural bodies, than the feveral fixes and denfities of 
their particles* Accordingly he attributes the colours of 
permanently eolouied bodies to the fame caufe by whidi 
they were produced in cplourlefs fubftances, vh» to the 
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various thiekneffes of their component particles. But no 
experiments were made on permanently coloured bodies, in 
order to eftsblilh the truth of fir Ifaac Newton’s opinion, 
till the ingenious Mr. Delaval diredted his attention to this 
fulfiedt* From obferving the circumftances above recite^ 
and more largely illuftrated under the article Colours, it ap- 
peared to him, that, if permanently coloured bodies are 
lubjedt to the fame laws as tranfparent colourlefs fubftances 
are, all fuch permanently coloured bodies, whenever the 
fize of their particles is diminifiied, (hould undergo a change 
of colour, by afeending from the lefs refrangible to the more 
refrangible colours ; and that fuch bodies, when the fize of 
their particles is augmented, (hould undergo a contrary 
change, their colour in tliis cafe defeending from the more 
refrangible to the lefs refrangible colours. In order to 
confirm this conclufion, he made a great variety of experi- 
ments with vegetable, animal, and mineral fubjeas, whereby 
the fize of their particles, upon which their colours depend, 
might be diminiihed or increafed. The methods which he 
ufed, in order to diminifh the fize of the particles of thofe 
bodies which were the fubjedl of ioguiry, were by diffolving, 
attenuating. See. by means of chemical folvents, heat, pntre- 
faAion, dilution, See. The contrary effefts were brought 
about by fuch means as are known to condenfe, incrafiate, 
or unite the particles of bodies into larger mafles, as by 
coagulation, precipitation, evaporation, by diminiftdng the 
force of the iolvents. See, The metals afforded him nume- 
rous inftances in confirmation of the doftrine above ex- 
plained ; for almoft every operation, to which they are fub- 
jed, exhibits a change of colour correfponding to this doc- 
trine. This is particularly the cafe with regard to the 
imperfed metals ; for every change of their texture is ac- 
companied by a correfpoQaent clmnge of colour. We can 
only enumerate feme of the principid refults which Mr* De- 
laval obtained from a great number of well-conduded ex- 
periments. Thus, the green vitriol of iron is changed, ia 
proportion as it is deprived of its folvent part, by expofing 
It to a ftrong heat, &c. to yellow, orange, red, and purple | 
and by a contrary procefs, viz, by a farther attenuation, by 
means of the phlogifticated lixivium, in the procefs of 
Frulfian blue. See. the colour of the iron afeends from 
green to blue ; fe that all the primary flours are produced 
from the fame metal, in proportion as its particles are atte- 
nuated or incraffated. It appears, likewife, that when iron 
is divided into very fmall parts by means of a large quantity 
of glafs, and by a violent heat, its colour is blue ; but in pro- 
portion as it is lefs divided, by the mixture of a fmaller 
quantity of glafs, or the application of lefs heat, its colours 
are green, yellow, and red* From iron diffolved in its fer 
veraT menftrua, colours are produced in proportion as the 
folvent power of thofe menftrua is greater or lefs. Thus, 
iron diffolved in its ftrongeil acid folvent, the vitriolic acid, 
gives green ; in its weaker acid folvents, the marine and 
nitrous acids, yellow and orange ; and in its weakeft acid, 
folvents, the vegetable acids, red. The colours of the 
calces of iron precipitated from its folution in the vitriolic 
and nitrous acid, defeend from green to yellow,^ and from 
yellow to red ; whereas the changes of colour arifing from 
the folution of thefe calces, proceed in a contrary orders 
and afeend* Mineral fubftances are alfo fmquently im- 
pregnated with iron, and their colours correfpond with the 
ftate of the iron contained in them, 

In the fame manner the colours of the folution of mer- 
cury in the nitrous acid vary, in proportion aa the Advent 
is extricated from it, from yellow to orange, and then to 
red* Thus alfo, thofe fubftuices which have the greateft 
aCInity witk the acid of the corrofive fublimie produced 
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by the of mereury in the marine acid, difengage 

from iti fdtdoR a ted precipitate ; and thofe, whofe af« 
finity with it it left, produce a yellow one. But thefe 
colours are liritle to fome variation, according to the g^ter 
or left quantity of acid in tlie folution. Mercury dmolved 
in the vitriolic and in the vegetable acids, exhibits, in pro* 
portion at its felvent it taken from it, the fame colours 
which, under ftmilar circumftances, are afforded by that metal 
diffolved in the other acids. All thefe merciirial prepara- 
tions become red, when they arc deprived of the principri part 
of their menllruum ; and mercury calcined by heat, without 
the addition of any acid, acquires the fame colour. Its 
colour, however, is fubieft to variation, from the aftion of 
its folventi; and thus the phofphoric acid changes the red 
to yellow and white. The fame law obtains in the changes 
of colour to which the mineral manganefe is fubje£t ; tor 
Mr. Delaval found, that by means of the different degrees 
of power in the feveral folvents, thefe colours were produced 
in their regular pnfmatic order, via. yellow, green, blue, 
purple, and red. The various phenomena of the lympathetic 
ink of M. Hellot conform to the fame law, and are urged 
by Mr. Delaval as arguments to eltablKh it. Heat and 
cold, he obferves, are not neceffary agents in the produftion 
or fuppreflion of the colour. But it appears, that the altera- 
tions arc effefted by the moifture of the air, attrafted by the 
faline matter when cold, and expelled from it when heated. 
When this ink is expofed to a moderate heat, in a while 
China cup, and when the greater part of the water is 
evaporated, the faline matter becomes green. This.co- 
lour arifes from a ftipetffuous quantity of the marine acid, 
which foon flies off, and leaves the remaining part blue, 
(lightly inclining to green. It alfo forms a hard dry mafs, 
wmch, in a few minutes after its removal from the fire, 
grows moift, and affumes a light red colour. Thefe altera- 
tions may ^ often renewed, by alternately heating and 
cooling tm coloured matter ; which does not again wcome 
green, after the fuperfluous marine acid is once evaporated. 
But a drop of fpirit of fait, added to the red or blue mafs, 
immediately renders it green. When preparations of cobalt 
are afted upon merely by heat, the order of the changes of 
colour effeded in them, is.fuch as, in other inllances, con- 
flantly arifei/rom that means of attenuation. Thus, when 
the yellow folution of this mineral, in the marine acid, is 
heated, it affumes a green colour, palling from a left to a 
more refrangible colour. When this folution is cooled, the 
yellow is reftored. 

Mr. Delaval obferves, that as the inflammable matter, in 
the entire metals, afts ftrongly on the rays of light, it is 
neceffary to calcine or to divide them into extremely minute 
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particles, in order to examine feparately the aftion of the 
calx, or fixed matter, on the rays of light. In order, 
therefore, to examine all the metals in the like circumftances, 
by reducing them into the fmalleff particles, and depriving 
them of thetr phlogifton as much as poffiblc, tie expofed 
each of them, united with a proper quantity of the pureft 
glafs, without any additional ingredient, to the greateft de* 
nee of fire which they are capable of bearing, without 
having all colour whatever deftroyed. In this ftate it ap- 
pears, from a variety of experiments and fafts, that they 
aftua ly do, without any exception, exhibit colour in the 
order of their denfities as follow : gold, red ; lead, orange ; 
fUver, yellow ; copper, green ; and iron, blue. He has 
sdfo (hewn that the other preparations of the metals, wx. 
their folutions, precipitates, cryftals, ftc. do for the moft 
part exhibit the fame colour, in the order of their denfities, 
though not fo invariably as their glaffes ; fome fmall vari- 
ation of colour happenmg in the more imperfeft metals, pro- 
bably from a change of denfity in their different preparations. 
Thus, gold acquires a red colour, by a minute mvifton of ita 
particles, without any addition. In the procefs of calcining 
lead in the furnace, the firft of the primary colours wMch 
it acquires is yellow ; the calx pafling from that colour 
through orange into red. This variety of colours proceeds 
from the imperfeftion of the metal; which, probably, dur- 
ing its calcination (as our author fuppofed), receives a 
fmall portion of phlogifton, as well as air ; for the effeft 
of fucb an union muff probably be a change of colour from 
orange to red : as fir Ifaac Newton has (hewn, that bodies 
refleft more flrongly in proportion as they poffefs more 
phlogifton ; and that the lefs refrangible colours require a 
greater power to refleft them. The preparations of filver 
are yellow ; the two moft imperfeft metals, copper and iron, 
being very eafily afted upon byalmoft all menftrua,the colours 
pf their folutions, &c. viz. green and blue, are apt to change 
into each other's order ; the copper in fome folvents becom- 
ing blue, and the iron green, and in other folvents via verfd ; 
which probably depends on the increafe or diminution of 
their denfities. The preparations, &c. of mercury have 
been already examined. The fpecific gravity of platina be- 
ing nearly equal to that of gold, it is found, agreeably to 
the Newtonian dottrine, confirmed by Mr. Delaval, that 
the precipitates and cryftals obtained from folutions of this 
metal are red ; and that a folution of it in aqua regia to 
perfeft faturation is of a dark red, though, when diluted, 
yellow. Delaval's Experimental Inquiry into the Caufe of 
the Changes of Colours in opaque and coloured B (dies, 8 ic, 
1777, paflim. Phil. Tranf. vol. Iv. art. 3, p. to, &c. 
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MiLLf in propriety, denotes a machine for grinding com, 
&c. but, in a more general fignification, is applied to all ma* 
chinos whofe a^ion depends on a circular motion. 

Of thefe there arc feveral kinds, according to the various 
fnethods of applying the moving power j as water-mills, 
wind-mills, mills worked by horfcs, 6cc* 

Few people are ignorant, that com is ground by two 
mill- Hones, placed one above the other, without touching. 

The lower mill- (lone is immoveable, but the upper one 
turns upon a fpindle. The oppofite furfaccs of the two 
Hones, which aft to grind the com, are not plane or flat ; 
but the upper one is nollow> and the under one fwells up ; 
each of them being of a conic figure, whofe axis indeed is 
very (hort, in proportion to the diameter of its bafe ; for 
the upper one being fix feet in diameter, is hollowed but 
about one inch at its centre ; and the lower one rifes but 
about three-fourths of an inch. Thefe two mill-flones come 
Dearer and nearer towards their circumference, whereby the 
coru that falls from the hopper has room to infmuate be- 
tween them as far as two-thirda of the radius, which is the 
place where it begins to be ground, and where it makes 
the greateH refiftance that it is capable of ; the fpace be- 
tween the two ftones being in that place about but two-thirds 
or three-fourths of the tnicknefs of a grain of corn. But 
as the millers have the liberty of railing or finking the up- 
per Hone a little, they can proportion its diilance from the 
lower one, according as they would have the flour finer or 
coarfer* 

In order to cut and grind the corn, both the upper and 
under mill-ftones have channels or furrows cut in them, pro- 
ceeding obliquely from tbe centre towards the circumference. 
And thefe furrows are each cut perpendicularly on one fide, 
and obliquely on the other, into the Hone ; which gives each 
furrow a (harp edge, and in the two ftones, they come, as it 
were, again ft one another, like the edges of a pair of feif- 
fars ; and fo cut the com to make it grind the eafier, when 
it falls upon the places between the furrows. Thefe are cut 
the fame way in both ftones when they lie upon their backs, 
which makes them run crofs-ways to each otheri when the 
upper ftonc is inverted by turning its furrowed furfaoe towards 
that of the lower. For if the furrows of both ftoiMfs hy the 
fame way, a great deal of the corn would be drove onward 
in the lower furrows, and fo come out from between the 
Hpnes without ever being cut. When the furrowV become 
blunt and (hallow by wearing, the running ftone muft be 
taken m), and both ftones new dreft with a chiffel end ham- 
mer. But, by this repeated operation, their thicknefles, 
and confcquently their weight, diminilh ; and it is obferved, 
that when they come to have but three-quarters, or half of 
the thicknefs which they had when new, they produce but 
three-quarters or half the flour which tkey yielded at the 

'^The cfrcular motion of the upper mill-ftone brings the 
corn out of tlie hopper by jerks, and caufes it to recede 
from the centre towards the circumference, where, being 
q\utc reduced to flour, it is thrown out of the mill, by the 
centrifugal force of the ftone, through a hole provided on 
pu^o« 

diameter of common mill-ftones, according to Dr. 
DefagnUers, u from five to feven feet, and their thicknefs, 
twelve, fifteen, or eighteen inches : they laft thirty-five or 
forty yeari, and when they have been long nfed, fo that 
their thicknefs is conCderably diminiflted, th^ tn cut 
to give their furface a contrary figure to wtat they bad be* 
fore s fo that the upper mili-ftone is made the lower. 


in water-mills, the momentum of the water is the moving 
power, and the attrition of the two ftones m grinding S 
the force to be overcome. Of thefe there arc two kinds, 
viz, thofe where the force of the water is applied above 
the wheel, and thofe where it is applied below the wheel { 
the former being called over-fhot, and the latter under-fhot 
mills: and to thefe we may add a' breaft-mill, where the 
water ftrikes again ft the middle of the wheel. 

In a common breaft-mill, where the fall of water may be 
about ten feet, A A, (Plate XXIII. MechankSf^» i.) is 
the great wheel, which is generally about levenl^ or 
eighteen feet diameter, from a the outermoH e^ge of' any 
float board, to that of its oppofite float. To tilit w]ieel 
the water is conveyed through a channel, and falling upon 
the wheel, turns it round. On the axis B B, of this wheel, 
and within the mill-houfe, is a wheel D, about eight or nine 
feet diameter, having iixty-one cogs, which turn a trundle 
£, containing ten upright ftaves or rounds ; and when this 
is the number of cogs and rounds, the trundle will make 
6 revolutions for one revolution of the wheel. The rea-> 
fon of addfng an odd cog, called the hunting cog, to the 
wheel, is this ; that, as every cog comes to the trundle, it 
may take the next ftaff or round behind the one which it 
took in the former revolution, and thus it will wear all the 
parts of the cogs and rounds which work upon one another 
equally, and to equal diftaiices from one another in a little 
time ; and make a true unift>rm motion throughout the 
whple work. The trundle is fixed upon an iron axis called 
the fpindle, the lower end of which turns in a brafs foot, 
fixed at F, in the horizontal beam S T, called the bridge- 
tiee I and the upper part of the fpindle turns in a vfooSen 
bu(h fixed into the lower mtll-ftone, which lies upon beams 
in the floor Y Y. The top part of the fpindle above the 
bufh is fqaare, and goes into a fquare hole in a ftvong iron 
crofs, ahedf (Jig, 2 .) called the rynd $ under which, and 
clofe to the bum, is a round piece of thick leather upon the 
fpindle, which it turns round at the fame time as it does the 
rynd. The rynd is let into grooves in the under furface of 
the running mill- (I one G> and fo turns it round in 

the fame time that the trundle £ is turned round by the 
cog-wheel D. This mill-ilooe has a large hole quite 
through its middle, called the eye of the Hone, through 
wliich the middle part of the rynd and upper end of w 
fpindle may be feen ; whilft the four ends of the rynd lie 
hid below the ftone in their grooves. 

The end T of the bridge-tree T S (which fupports the 
upper mill-ftone G upon the fpindle) is fixed into a hole in 
the wall $ and the end S is let into a beam Q R called the 
brayer, whofe, end R remains fixed in a mortife : and its 
other ,end Q hangs by a ftrong iron rod P, which goes 
through the floor Y Y, and has a ferew-nut on its top at 
O; by the turning of which nut, the end Q of the brayer 
is raifed or deprefled at pleafure ; and, confequently, the 
bridge-tree T S and upper mill-ftone. By this means tfa^ 
upper mill-ftone may he fet as clofe to the under one, our 
railed as high from it, as the miller plcafes. The nearer 
the mill-ftones are to one another, the finer thev grind the 
corn ; and the more remote from one another, the coarfer. 

The upper mill-ftone G is inclofed in a round box H, 
which does not touch it any where; and is about an inch 
diftant from its edge all around. On the top of this box 
Hands a frame for holding the hopper Hf to which is hung 
the (hoe I, by two lines faftened to the bind-part of it, 
fixed hipott hooks in the hopper, and by one end of the 
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croolc-ftrinff K faftencd to the fore-part of it at 1 ; the other maioing the fame, there mufl be a larger aperture of tim 
end being twitted round the pin L. As the pin is turned penftock for the difeharge of a greater quantity of water in 
one way, the ftring draws up the (hoe clofer to the hopper, the fame time, in order to produce the (ame ette^ as the 
and fo Icflcns the aperture between them 5 and as the ^n is orer-lhot or breatt*mill ; whence a greater expence of water 
turned the other way, it lets down the (hoe, and enlarges will be made here than in any other mill, and can only be 
the aperture. fupplied for a conftancy by a river ; and where this can be 

If the (hoe be drawn up quite to the hopper, no com can had, the under-(hot is ihe eafieft, cheapeft, and moft fimple 
fall from the hopper into the mill ; if it be let a little down, ftrudture, of which a mill is capable. Dr. Defaguliers, having 
fome will fall: and the quantity will be more or lefs, ac- had occafion to examine many under-(hot and oyer-(hot mills, 
cording as the (hoe is more or kfs let down. For the hop- generally found that a well made ovcr-(hot mill ground as 
per is open at bottom, and there is a hole in the bottom, of much corn, in the fame time as an under-fhot mill with ten 
the (hoc, not dire^y under the bottom of the hopper, but times lefs water ; Tuppodug the fall of water at the over- 
forwarder towards the end i, over the middle of the eye of (hot to be twenty feet, and at the under-(hot to be about fix 
the mill-ftonc. : and he generally obferved, that the wheel of 

There is a fquare hole in the top of the fpindle, in which the over-(hot mill was of fifteen or fixteen feet diameter, 
is put the feeder e {Jtg. 2.) ; this feeder (as the fpindle turns with a head of water of four or five feet, to drive the water 
round) jogs the (hoe three times in each revolution, and fo into the buckets with fome momentum, 
caufes the corn to run conftantly down from the hopper, Mr. Fergufon has given the following direftions how to 
through the (hoe, into the eye of the mill-done, where it conftruft water-mifis, fo as to be in the greateft degree of 
falls upon the top of the rynd, and is, by the motion of the perfeAion ; and alfo a table calculated from his rules, for 
rynd and the leather under it, thrown below the upper ftone, the fake of thofe mill-wrights who either cannot calculate, 
and ground between it and the lower one. The violent mo- or do not like to take the trouble. 

tion of the ftone creates a centrifugal force in the corn When the float-boards of the water-wheel move with a 
going round with it, by which means it gets farther and third part of the velocity of the w^ater that adts upon them, 
farther. from the centre, as in a fpiral, in every revolution, the water has the greatcll powder to turn the mill : and when 
until it be thrown quite out.; and, being then ground, it the mill-ftone makes about fixty revolutions in a minufe, it 
.falls through a fpout M, called the mill-eye, into the trough is found to do its work the befi. For, when it makes but 
N. When the mill is fed too feft, the corn bears up the about forty or fifty, it grinds too (lowly, and when it makes 
done, and is ground too coarfc ; and befidea, it clogs the more than faventy, it neats the meal too much, and cuts 
mill fo as to make it go too flow. When the mil» is too the bran fo fmall, that a great pari thereof mixes with the 
flowly fed, it goes too faft, and the ftones, by their attri- meal, and cannot be feparated from it by fifting or boult- 
tion, are apt to llrike fire againft one another. Both which ing, Confeqiicntly, the utmoft perfeAion of mill-work lies 
inconvcniencies are avoided oy turning the pin L backwards in making the train fo, as that the mill-ftonc fliall make 
JOT forwards, which draws up or lets down the (hoe ; and fo about fixty turns in a minute when the water-wheel moves 
regulates the f^ing as the miller l^es convenient. with a third part of the velocity of the water. To have it 

Sometimes, where there is a fufficient quantity of water, fo, obferve the following rules : 
the cog-wheel in jl^y. I. turns a large trundle, on whofe axis i, Meafure the perpendicular height of the fall of water, 
is fixed a horixontal wheel, with cogs all around its edge, in feet, above the middle of the aperture, where it is let out 
turning two trundles at the fame time; whofe axis or fpinmes to ad by impulfe againft the float-boards on the lowcft fide 
turn two mill-ftoncs. When there is not work for them both, of the under-(hot wheel. 

either may be made to lie quiet, by taking out one of the 2. Multiply this conftant number 64.2882, by the height 
ftaves of its trundle, and turning the vacant place towards of the fall in feet, and extrad the fquare root of the pro- 
thc horizontal cog-wheel. And there may be a wheel fixed dud, which (hail be the velocity of the water at the bottom 
on the upper end of the great upright axle of this wheel for of the fall ; or the number of feet the water moves per 
turning a couple of boulting-mills ; and other work for fecond. 

drawing up the facks, fanning and cleaning the corn, (harpen- 3. Divide the velocity of the water by 3 ; and the quo- 
ing of tools, &c. As the water ads upon an over-fliot mill tient (hall be the velocity of the floats of the wheel in feet 
both by impulfe and weight, fo does it like wife upon a per fecond. 

breaft-mill, or that where the water comes upon the breaft 4. Divide the circumference of the wheel, in feet, by the 
or middle part of the wheel ; and here, though the weight velocity of its floats ; and the quotient (hall be the number 
of the water is not fo great as in the over-(hot mill, being of feconds in one turn or revolution of the great water- 
contained ill the buckets of the lower quarter only ; yet the wheel on whofe axis the cog-wheel that turns the trundle is 
impulfe of the water is much greater, the height of the fixed 

water being ircrcafed nearly the femi-diameter of the great 5. Divide 60 by the number of feconds in a turn of the 
wheel, all other things being equal. If the height of the water-wheel or cojr.wheel ; and the quotient (hall be the 
water remain the fame, the aperture of the penftock mutt number of turns of cither of thefe wheels in a minute, 
be enlarged to nearly twice the area, that the force may be 6. By this number of turns divide 60 (the number of 
the (kme ; fo that to produce the fame effed, twice as much turns the mill-ftone ought to have in a minute) and the quo- 
xrater is neceflary for the breaft-mill as for an over-(hot one, tient (hall be the number of turns the mill-ftonc ought to 
every thing elfc being the fame. have for one turn of the water or cog-wheel. Then, 

Mr. Fergufon obferves, that where there is but a fmall 7. A s the required number of turns of the mill-ftone in a 
quantity of water, and a fall great enough for the wheel to minute is to the number of turns of the cog-wheel in a mi- 
Ue under it^ the bucket or over-(hot wheel is always ufed. nute, fo muft the number of cogs in the wheel be to the 
But where there is a large body of water, with a litfle fall, number of ftaves in the trundle on the axis of the mil). Hone, 
the breaft or float-board wheef muft Uke place. As to the in the neareft whole number that can be found. By thefe 
imder-lhpt mill, it ii evident there can be only the impulfe rules the following table is calculated ; in which* the diameter 
Swsk the mter i and t^fore, the height of the watex ze- the water*wheel is fuppofed to be 18 feet, (and confe- 
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ita cifcumfeMn^ j; 6 j feet,) and the diameter of the 
miU-ftone to be hve feet. 
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Suppofe an under-(hot mill is to be built where 
the perpendicular height of the fall of water is nine feet: 
St is required to find how many cogs muft be in the wheel, 
and hovr many ftaves in the trundle, to make the mill- 
ftone go about 6o times round in a minute, while the water- 
wheeUfloats move with a third part of the veloeity ^ith 
which the water fpouts againft them from the aperture at the 
bottom of the falK 

Find 9 (the height of the fall) in the firft c<dumn of 
the table ; then againll that number, in the fixth column, is 
yo, for the number of cogs in the wheel, and lo for the 
number of ftaves in the trundle ; and by thefe numbers, we 
find in the eighth column that the mill-ftone will make 59rVzy 
turns in a minute, which is within half a turn of 6o, and 
near enough for the purpofc ; as it is not abfolutely requi- 
fite that there fliouldbejull 6o without any fradion : and 
throughout the whole table the number of turns is not quite 
one more or Icfs than 6o. 

The diameter of the wheel being eighteen feet, and the 
fall of water nine feet, the fecond column (hews the vc- 
locity of the water at the bottom of the fall, to be 
feet per fecond j the third column the velocity of the float- 
boards of the wheel to be feet /^r fecond the fourth 
column (hews that the wheel will make turns in a mi- 
nute ; and the fixth column (hews that for tiie mill-ftone to 
make exadly 6o turns in a minute, it ought to make yT-ttr 
(or feven turns and five hundred .parU of a turn) for one 
turn of the wheel. 
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Dr. Barker has invented a Water-mill, that hat neither 
wheel nor trundle t this is reprefented in Jig. 3, in which 
A is a pipe or channel that brings water to the upright 
tube B. The water runs down the tube, and thence into 
the horizontal trunk C, and runs out through holes at 
d and e near the ends of the trunk on the contrary fides 
thereof. 

The upright fptndle D is fixed in the bottom of the trunk, 
and ferewed to it below by the nut^ ; and is fixed into the 
trunk by two crofs-bars at fo that if the tube B and 
trunk C be turned round, the fpin Ue D will be turned 
alfo. 

The top of the fpindle goes fquare into the fynd of the 
upper mill-done H, as in common mills ; ?ad as the trunk, 
tube, and fpindle turn round, the miU-ftont is tt'rned round 
thereby. The lower, or quiefeent rrilUft . is reprefented 
by I ; and K is the floor on which it reiU, and wherein is 
the hole L for letting the meal run through, and fall down 
into a trough which may be about M. The hoop cr cafe 
that goes round the mill-ftone refts on the floor K, and fup- 
ports the hopper, in the common way. The lower end of 
the fpindle turns in a hole in the bridge-tree G F, which 
fupports the' mill-ftone, tube, fpindle, and trunk. This tree 
is moveable on a pin at h, and its other end is fupported by 
an iron rod N fixed into it, the top of the rod going through 
the fixed bracket O, and having a ferew-nut 0 upon it, aboW 
the bracket. By turning this nut forward or backward, the 
mill-ftone is raifed or lowered at pleafurir. 

Whilft the tube B is kept full of water from the pipe A, 
and the water continues to run out from the ends of the 
trunk ; the upper mill-ftone H, together with the trunk, 
tube, and fpindle, turns round. But if the holes in the 
trunk were ftopt, no motion would enfue ; even though the 
tube and trunk were full of water. For, 

If there were no hole in the trunk, the prefTure of the 
water would be equal againft all parts of its Tides within. 
But, when the water has free egrefs through the holes,, its 
preffure there is entirely removed ; and the preflure againft 
the parts of the Tides which are oppofite to the holes, turns 
the machine^ See DeTaguliers’s £xp. PhiU vol. ii. p, 417, 
&c. p. 43 X, &c. p. 459, &c. Fergufon’s Mechanics, p. 45, 
flcc.4tOw ed.and Supp. p. 10. See alfo on this Tubjea, ait 
elaborate paper of Mr. Smeaton, containing an account of a 
number of experiments, in order to eftimate the naturid 
powers of water and wind to turn mills, in the Phil. Trauf. 
vol. li. art. x8 pv 100, &c. 

The defeription of a mill, which we have given above in 
the wotds of the late ingenious Mr, Fergufon, is very cor- 
re6K The improvements of late years, which have been 
made in mills for grinding com, relate to the manner of theif 
conftrudion, and the proportions of the wheeKwork, for 
giving motion to the mill-ftones, by which the grinding is 
performed in the manner deferibed. Tfic late My. John 
Smeaton, F.R.S., was celebrated for fin accuracy and 
judgment in the proportions of hrs mifls, particularly thofe 
turned by water. We (hall, under tl>e article Water- 
Wheeh^ give feme account of hla principles ; and under this 
head we ihall deferibe a fteam flour-mill, which was credled 
from his defigns, at the vi£lualling houfe for the navy at 
Deptford, in 1781, This was before the fteam-engine of 
Mr. Watt was brought to the perfe^ion it has fince at- 
tained ( and as the old atmofpheric engine was thought to 
be unfit for producing a rotatory motion, Mr. Smeaton 
erefted a common fteam-engine to.pump up water for the 
fupply of a large overfliot water-wheel, which aduated the 
mill. Fig. 1. of PAi/e XXXIV. Mechanics^ reprefents the 
whole millf by a longitudinal fe£tioo of theboufei and^^* a, 



480 

anotlier fed son, taken perpendicular to the former. The mill 
i« double, that is, the water-wheel, A A', is fituated between 
two buildinp^s, only one of which is r^prefented in^. 2 ; and 
the wall, B B, of the other is one fide of a houfc, containing 
exa6\ly the fan.'* machinery as that which is delineated. 
Over the waier-v; heel two lar^e ciflerns, or troughs, C, D, 
are placed, c 'mmiivicating with each other by a large iron 
pipe E, I ; and one of thefe trouirhs, C, has a pipe or 
trough, leading water into it, from the pump of the fteam- 
engine fuppl) ni); the water for the mill ; in the other trough, 
33, is a fhuule ^-hich raifed up, permits the water 

to iffue from a holt? in the Lhd of the trough, and fly forwards 
borizonlally through a proper fhnto, or pentroiigh, into the 
buckets ot the wheel A. The form of thefe buckets is 
•fhewn by i, a portion of the wheel being reprefented in 
fcAton for that purpofe. The buckets, i^hich are thus filled 
at the top of the wheel, defeend by their weight, turning 
the wheel round, till they come to the lowed part of the 
wheel; and here, by the buckets becoming inverted, the 
water is difeharged from them, and they go up empty to 
the top of the wheel, where they a**c filled again from the 
trough. In this manner, one fide of the wheel being always 
loaded by the buckets full of water, and the olhpr fide being 
empty, it has a condant tendency to turn rownd. The axis 
of the wheel has a large fpur-wheel, E, fixed upon its ex- 
treme end, wliich being furnifhed with a double row of cogs, 
as (hewn in Ji^. 2, communicates motion to the lanterns or 
trundles, F, G, one above, and the other below it : the 
latter, G, is fixed upon the end of an lionzontal (haft H H, 
extending beneath the mill-dones, fituated at 1 I and L : it 
af^uates the upper (lone of each pair, by means of crown 
or face-wheels K, which turn the pinions fixed at the lower 
ends of the refpeftive fpindle d d. The upper trundle, F, 
is fixed upon a ftiaft, which carries two face -wheels, Cyf : 
the teeth of thefe wheels are oppofite to each other, and 
either of them can be made to work a pinion, i, fixed 

upon the end of an axis A, which at the other erd has a cog- 
wheel turning a pinion at on the end of the fpindle of a 
machine, M, for drefling flour. This machine confifis of a 
hollow cylinder or frame, covered with wirc-cloth of different 
degrees of finenefs; the finell being at the end A, which is the 
moll elevated, for the axis of the cylinder is inclined in the 
direftion of the dotted line ; every one of the lengths, as it 
goes towards the other end, is covered with a coarfer kind 
of wire-cloth, for fifting the flour. Within this cylinder, 
which is llationary, a reel is fituated ; its axis being exa£lly 
in the centre of the cylinder, and turned round by the 
pinion i : the rails of this reel are provided with hair brulhes, 
which, as they revolve, brufh againll the interior wire furfacc 
of the cylinder. The machine is provided with a flioe or jigger, 
very fimilar to that of the mill-llones, to bring down the 
Hour or meal through a trough, from the floor above, where 
it 18 kept after being ground : the meal, being by this means 
gradually fed into the cylinder, is, by the motion of the 
bruihes on the reel, fifted or rubbed through the wire : the 
•fined of the flour will of courfe go through at the upper 
end, but no otlier kind ; the fecond through the next divi- 
fion^ and fo on till the bran falls ou^at the end of the cy- 
linder, being too coarfe to go through any of the wires. 
The cylinder is enclofed in a tight and clofe box M, to 
prevent wade by the flour flying about ; and the box has 
partitions, which divide it into as many lengths as the cy- 
linder has different kinds of wire. Thus each divifion of 
the box receives a different quality of flour; and fpouts 
being fixed, which go down into the floor beneath, fackt 
can be filled at them without wade or inconvenience. 

The pinion for turning the drefling nutchine, can be 
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made to turn cither way about, by engaging it with the 
teeth of cither'ef the cog-wheels r,/, which a^ing on the 
oppofite fides of the pinion^, give the means of turning it 
in eitlier diredion at picafure. The pinion is of fuch a oia- 
meter, that it cannot be engaged with both wheels at once ; 
and the upright lever r, which fupports the pivot of its axis 
if can be thrown fo cither fide, as is flicwn in 2 j for 
its lower end moves on a centre at the floor, and at top it is 
guided by a groove in a piece of wood, fixed to the ceilings 
and can be fallened at either fide by a pin, fo as to throw 
the pinion in gear with either e or /, The objfft of this 
contrivance is, that when the machine, M, has for a long 
time been running in one diredion, and its bruflies become 
worfe, or bent on one fide, its motion may be reverfed, to 
give them an equal wear on the oppofite fide. The wheel, e, 
has another fixed to it at the back (fee 2.], which 
adluates a cog-wheel N, upon the end of a roller R, having 
a repe wound round it, for drawing up facks of corn or 
flour from one floor of the mill to another. This rope paflfes 
upwards from the roller to the roof of the building, where 
it palfes over a pulley, and thence defeends through fquarc 
holes in the feveral floors to the ground. Thefe holes are 
covered by double doors, opening upwards, fo that a fack, 
being drawn up, opens the door, which falls down as foon 
as it has pafled. The wheel, N, of the fack-roller can be 
difeng-ged at pleafure from the cog-wbccl, r, which turns 
it ; and then the rope can be unwound and run down again, 
to fct^ch up another fack. This difcngagcnocnt of the wheel 
is cfTcdled by the fame means as deferibed of the upright 
lever r ; and a line being condudlcd from the top of the 
lever, over proper pullies, into various parts of the mill, the 
miliercan, by pulling this line, difengage the roller at plea- 
fure, to draw up or l6t down a fack. A pinion and (haft, 
fimilar to ^ and x, may be placed on the oppofite lidtf 

of the wheels, e and /, to work another drefling machine at 
the oppofite fide of the mill, or what is called a bolting ma- 
chine. This is rather of a different conllruiElion, being the 
original flour-drefling machine ; it coniilU of a reel like the 
former, but without any bruflies; and upon this, inllead of 
a wirc-cylindcr, a cloth like a fack, cut open at the bottom, 
is fattened, and revolves with it ; the flour, being introduced 
by a feeding-flioe into this, is fiftcd round in the revolving 
cloth, and the fine flour paffes through. To prevent the 
flour acciimularing at any one fide of the cloth into a bag, 
and Twinging round with it, without fifting, four rails are 
fixed in the machine, p irallcl to the axis ; and if the cloth 
fwings out by the weight of the flour within it, the cloth 
flrikcs agaiiiit thefe rails, and the flour is thus fhaken 
through it into the cheft or cafe of the machine. 

The lower figures of the plate contain the developcmcnt 
of the parts of the mill, tending to explain their conftruci* 
tion. 3, 4, and 5, (hew the call -iron axis for the 

water-wheel; N is the cyhndric fliaft, and ifi, its two 
necks, which lay on bearings in the wall of the mill, and 
bear the weight : beyond thefe necks the axis har, a fquare 
box, 0 O, at each end, for framing the gixat cog-wheels 
upon. The manner of attaching the arnls of the great wa- 
ter-wheel to the (haft is this ; two circular plates or Haunches, 
P, 3> are call upon the axis; and againll each of 

thefe 1 2 arms, Q, Q, are bolted : they arc placed againff 
the flaunch, tending to the centre, and the (paces betweea 
them are filled up by wooden pieces, as (hewn by r, r, r, 
JUg. 4: two iron rings, R and S, are placed over the arms, 
and a bolt put through each arm, to attach it to the flauncht 
and to the axis ; the wooden pieces, r, r, are kept in their 
places by a wedge driven through each, within tlie great 
noop R, and by means of tlxcfe wedges tlte pieces, r, r, caai 
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It any time be drawn up towards the centre, to hold all the 
a^ma fad in their p’aces. 

This method of framing water-wheels was ufed with great 
fttccefs by Mr, Smeaton in many, in (lances, and was found 
to anfwer the purpofc extremely well, being a great im- 
provement upon the old method of mortiiirig the arms into a 
wooden (haft. 

6, 7, and 8, (hew one of the fpindles for the mill- 
ilones H and L», Jig. 2: it is a (Iraight iron axis, </, formed 
to a pivot, X, at the lower end, which reils and turns in a 
piece of brafs : near the upper end of the fpindle another 
neck or pivot, is formed, and runs in a collar, in the 
centre of the nether or lower mill-ftone, whild the upper 
one is hung upon the arms of an iron crofs T : fee alfo fg, 7, 
fitted with a fquare upon the top of the fpindle. On the 
lowc;^ part of the fpindle the pinion Z, which gives it mo- 
tion, is fixed ; it Ims a fquare hole through it, fitting on the 
fquare fpindle, and iron crofTes are fixed both at top and 
bottom of the block of wood forming thr^ body of the 
inion : In this iron are two ferews ffee ^g, 8.), which, 
eing ferewed fall, fix the pinion firmly to the fpindle, its 
weight being fupported by a wedge, •y, put through a hole 
in it ; but when this wedge is withdrawn, and the ferews 
ilackened, the pinion falls down fo low upon the fpindle, 
that its teeth are clear of the teeth of the cog-whecis It 
figt 2, and in this date the fpindle and mill-done upon it 
will dand dill, though the mill is going. The fpmdle foot, 
X, reds in a brafs focket, fixed in a lever fgs» i and 2, 
called the bridge-tree : its fulcrum is in the (olid wall, W, 
Jign I, at one end, and the other reds on the middle of a fe- 
cond lever X, perpendicular to the former, called the brayer, 
one end of which has a fulcrum in the framing. Jig. 2, and 
the other is fupported by a ferew, which the miller turns 
round, to elevate or deprefs the upper done, and adjull the 
didance between them at pleafurc, according as he wifties to 
grind finer or coarfer flour. The upper part of the mill be- 
fore us is ufed as a dore-houfc for corn, which is drawn up 
in facks by the tackle into the roof, and there emptied into 
binns, or different compartments, of the upper floor ; from 
thefe it is let down to the mill-dones, and ground inio meal. 
The fpouts from the doncs lead the meal into facka, which, 
when full, are drawn up to the top of the Iioufe t^iHf and 
emptied out into a flour binn, fituated over the dr^ag ma- 
chine M, which feparates it into various qualities for ufe. 

The mills w'hich grind for the London market ufe three 
drefling machines : the fined flour is that wKich tka$ been 
paffed through a wire-cloth of 64 per inch, when the meal is 
dreffed the firll time ; the other part of the cylinder is coarfc 
wire, which fuifers a coarfe meal, called middlings, to pafs 
through It ; but the bran and coarfe pollard fall out at the end 
of the cylinder. The middlings are ground over again in a 
pair of mill-dones, which are rather dull, and become unfit 
for grinding corn, without drefling them again : then, after 
this fecond grinding, the meal is dreffed in the cloth ma- 
chine, called the bolting cloth, which takes out the fecond 
flour, and the pollard comes out at the end of the cloth ; the 
bran and the pollard together are now put into the clearing-off 
machine, which is a coarfe w’ire-cylindcr of the kind we have 
defcribeil, and by it is feparated into hog pollard, which is 
the fined fort 5 2d, horfe pwllard ; and, 3d, bran. A pair 
of mill-llones will grind five bufhels of wheat per hour, wnen 
in good condition ; but require to be taken up and dreffed 
iftnce a week, if ufed condantly. This drefling is done by 
picking the furface of the ftone over with the mill-pick, to 
cut the grooves and furrows Jharp, that they may grind and 
tut the corn between them* 
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Perfons riotoufly affcmbling and deflroying, or malici- 
oufly burning, any wind-faw mill, wind-miJly or water* 
mill, &c. fliall be guilty of felony, without benefit of 
clergy, by 9 Geo. Ill, c. 29. Profecution to be com- 
menced within eighteen months after the offence commit- 
ted. By 41 Geo. Ill* c. 24, the damages occafioned by 
demolifhing any fuch mill by perfons riotoufly affemblcd, 
may be filed for and recovered in the manner provided 
for by \ Geo. flat. 2. c, 5. refpeding , the demolilhing of 
churches and other buildings. ^SeeRiOT.) By 43 Geo. III. 
c. j8. any perfon who (hall malicioiifly fet fire to any 
mill in the poffeflion of any other perfon, or of any 
body oorporate, (hall be guilty of felony, without benefit of 
clergy. 

Water-mills have long been great nuifances to agriculture, 
by preventing the ufe of the (treams on which they (land, 
in many cafes, in irrigating and flooding the adjoining lands, 
by which much improvement is kept back, that would 
otherwife take place. They are alfo injurious by obffrudling 
and damming up the water in numerous inftances, fo as to 
renoer it ftagnant on the ground above. Wind and (learn 
may, however, be applied as the moving powers of mills 
without producing any fuch effeAs, and are, of courfe, the 
moll proper powers to be employed. 

The ancient feudal cuflom of obliging tenants to grind 
at the lord’s mills, is now almoll wholly done away. Drain- 
ing or lifting-mills are often extremely ufeful in difcharging 
water from low flat lands in many fituations. The moving 
power in thefe is commonly wind. See Mill, in Me^ 
chantes. 

By an ancient ordinance the toll for grinding (hall be 
taken either to the 20th or 24th corn ; and yet, in fome 
places, millers claim and take the i6th part : but Mr, Dal- 
ton fays, that the miller (hould take but one quart for 
grinding one bufliel of hard corn, and if he carry back the 
grift to the owner he may take two quarts of fuch corn, 
i. X. wheat rye, and meflin, (wheat and rye mixed. ) For 
malt he (hall take half as much as for hard com. By Hok 
ch. juft, the toll of a mill muft be regulated by ciiftom, and 
if the miller take more than the cuftom warrants, it is ex- 
tortion : but if it be a new mill, the miller is not re drained 
to any certain toll. ( i L. Ray m, 149. ) In fome places the te- 
nants arc bound to have their corn ground at the lord’s 
mill. When a miller, upon information given on oath to 
any magiftrate, is fufpeded of adulterating meal or flour, 
the hoiiie, mill, &c, of fuch miller may be entered under 
the authority of a warrant of a magiftrate, at all feafonable 
times of tlie day, to fearch for difeovery, and if fuch adul- 
terated meal or flour be found, it may be feized by the 
officer executing the warrant, feized by the magiftrate to 
whom it is carried, and difpofed of at his diferetion* 
(31 Geo. III. c. 29.) A miller who hath corn given him to 
grind, and who charges for that which is bad, is indiftable ; 
and he may be guilty of felony by taking away any part 
with an intent to Ileal it. (Hawk. c. 33.) Millers are not 
to be common buyers of any corn, with a view to fell the 
fame again, either in corn or meal. (Dalt, c. 122.) By 
36 Geo. III. c. 85, every miller (hall keep balances and 
weights according to the (landard of the exchequer, which 
may be examined by a perfon appointed for this purpofe by 
35 Geo, III. c. 102 ; and in default thereof the miller 
(hall forfeit not exceeding aox. &c. 8cc. Millers may be 
required to weigh corn, and, on refufal, (hall forfeit not 
exceeding 40X. Millers are to deliver the whole produce 
of corn when ground, if required, allowing for wafte in 
grinding and drefling, and for toll when taken } and if fuch 
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corn (ball weigh left than the full weight, fuch miller (hall, 
for every ba(hel of corn deficient in weight, forfeit not ex* 
ceeding u, and alfo treble the value of fuch deficiency. 
When toil is taken, it (hall be dedufted before the com 
Ihall be put into the mill. No miller (hall demand corn for 
toll, but in lieu thereof (hall be entitled to payment in 
money, under penalty of forfeiting not exceeding V/. : ex- 
cepting when perfons (hall not have money to pay (or grind- 
ing, and alfo, that this (hall not extend to mills called 

Soke-mills,'* or fuch ancient mills as are eftablilhed 
by cuftom and the law of the land, which mills (hall con- 
tinue to take toll as they have been accuitomed to do. 
Every miller is required to put up in his mill a table of the 
prices in money, or of the amount of toll or multure, on 
pain of forfeiting 20/. for every fuch offence. 

Mills, arc, with refpeA to their working parts, lit- 
tie different from thofe of water-mills ; but they are turned 
by the force of wind gathered in their fails. 

Of thefe, fome are called vertical others bori%ontaU ac- 
cording to the pofition of the fails ; or, rather, accord- 
ing to the direaton of their motion, with regard to the 
horizon. 

For the beft form of horizontal fails, and alfo for deter- 
mining the pofition of the axis of uind-mills, fee WiNjo-m/// 
and MECHANICS. 

Mills, Portative or Hand^ vet thofe kept in motion by the 
hand ; or elfe whofe mill-ttones are turned, or piftona driven 
by the force of horfes or other beads. Thus, if the cog- 
wheel D, {Plate XXX III. Mechanics^ Jig. 1.) be made about 
eighteen inches diameter, with thirty cogs, the trundle as fmall 
in proportion, with ten ftaves, and the mill-ftones be each, 
about two feet in diameter, and the whole work be put into a 
ftrong frame of wood, as reprefented in the figure, the 
engine will be a hand-mill for grinding corn or malt in 
rivate families. And then it may be turned by a winch 
n^ad of the wlwel A A ; the mill-done making three 
revolutions for every one of the winch. If a heavy fly be 
put upon the axle fi, near the winch, it will aflid greatly 
in regulating the motion. 

If the cog-wheel that turns the trundle or trundles of a 
mill be placed horizonully, horizontal levers mav be fixed 
into its vertical axis, and Wfes applied to thefe tor turning 
the mill ; which is often done where water cannot be had 
for that purpofe. 

The ufe of mills and mill-dones, according to Paufanias, 
was firft invented hj Myla, fon of Melegcs, firft king of 
Sparta ; though Pliny attributes the invention of every 
thing belonging to bread and baking, to Ceres : Poly- 
dore Virgil was not able to difeover the author of Co ufeful 
» machine. It is doubted whether or not water-mills 
were known to the Romans, there being no mention 
made, in the Digeft, but of mills turned by (laves and 
iffes. Salmafius, however, and Gothofred, will not allow 
water-mills to have been unknown to the ancient Romans, 
though they were not in ordinary ufe. Wind-mills arc of 
mnch more modern invention ; the fird model of thefe was 
brought from Afia into Europe in the time of the holy 
wars. 

Mill is alfo nfed for any machine, which being moved 
by fome cxtenial force, ferves to give a violent impreifion 
OB things applied to it. 

Mills, in this fenfe, are machines of vad ufe in the manu- 
factures, arts, and trades ; for the making and preparing 
divert kinds of merchandizes. The principal are thole 
which follow. 

MuLi CpIout. Colours for the ufe of painters, paper- 
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idainert, flee, am prepared, in the large way, by grinding 
them, either with oil or water, in mills worked formerly by 
horfes, but now frequently deam-engines are ufed for fuch 
purpofe in London. Thefe colour-mills confid of a large 
toothed-wheel, or cog-wheel, worked by the horfes, or deam- 
engine, &c. which gives motion to feveral trundles and 
upright fpindles of imall milhdonet placed round its cir- 
cumference. The condniAion and ufe of thefe will be readi- 
ly comprehended from the following defeription of a fingle 
pair of dones to be worked by hand, Plate XXXV ^ Jig* 1. 
The winch-handle A gives motion, by the labour of a man, 
to the fpindle B and fly-wheel C, fixed thereon ; and which 
alfo carries a fmall fpur-wheel D, having eighteen bevelled 
teeth, which work into thofe of the crown-wheel £ £, of 
twenty-fix teeth, fixed upon the upright fpindle F, working 
in a braft collar at top, fixed to the piece of wood G, which 
is adjudable by means of the wedge H, fo as to keep the 
teeth of the wheels properly in geer : the bottom of tlie 
fpindle works in the end of a braft ferew R, working in the 
bottom framing of the machine, and palling up through the 
centre of the lower done, the turning of which ferew, occa- 
fionally, adjuds the didance of the liones, which are of the 
common condru6Iion, exaffly like thofe for grinding Hour, 
but fmaller, each being (ixteen inches diameter and three 
inches thick. The upper done I is fupported on the upright 
fpindle F by a (houlder and crow, the fame as mill-dones in 
general ; it nas a hopper K affixed to it, and which revolves 
with it, into which the femi-fluid colours intended to be 
ground are put, and when ground they are protruded 
through a fpout from the tub M, nineteen inches diameter, 
which contains the dones. 

After the above proceft, colours for the ufe of painters, &c. 
were ground by hand with oil or water, on a pohfhed marble 
(lab with a pebble muller ; but this proceft being tedious 
and expenfive, as well as highly prejudicial to the health of 
the workman, Mr. James Rawlinfon of Derby, fome years 
ago contrived a milt for this purpofe, which is reprefented in 
Jig. 2 f a model of which he prefented to the Society of 
Arts in the Adelphi, London, in 1804. A is a roller or 
cylinder of black marble, truly formed and well polifhed, j 6^ 
inches diameter and 4^ inches broad ; B is a concave muller, 
covering one-third of the roller, of the fame kind of marble, 
well poTilhed, and fixed in the wooden cafe or framed, which 
is hung on hinges at i, for ufe when the muller requires to 
be lifted off the cylinder. C is a crooked bar of iron, about 
an inch broad, moveable on a pin at /, in order to turn down 
out of the way when the muller is to be lifted off»; near the 
end of this bar is a thumb-ferew r, whofe end a^ts in a hole 
in the wooden cafe b, and ferves to keep that and the muller 
ffeady, and to increafe the preffure of the muller as occafioo 
may require. D is a feraper or taker-off, made of a piece 
of clock-fpring fixed in an iron frame K, in the manner of a 
frame-fa w, and turning on centres dd, to that when in ufe 
the taker-off lies in an inclined pofition againfl tlie cylinder, 
and at other times is turned back out of the way. H is a 
plate fet under the taker-off to catch the colour when fuf- 
ficiently ground, which fianda upon a Aiding board that can 
occafionaUy be drawn out, to remove any colour which 
may accidentally drop from the cylinder. F is a drawer 
under the mill for holding curriers’ (havings, for cleaning 
the cylinder and muller, when a fre(h colour is wanted to be 
ground. The colour, roughly ground in a large colour- 
mill above deferibed, is aoplied in proper quantities, by 
means of a knife, to the tront of the cylinder above the 
taker-off, and by means of the winch-handle G the mill is 
worked, until the colour, by paffing between the revolving 
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ftone ind mullery ii fufBctently ^mund t when the taker-olF 
Dy which during the operation lay back» is turned againft 
the ftone» the winch-handle is turned thf revcrfe way for a 
few revoluttons, in order to fcrape o£F the colour which falls 
into the di(h H. 

In the Philofophical Tranfa61ion8, No, 87 , a mill is de- 
fcribed as having been ufed by Dr. Langelot, for grinding 
leaf gold to powder, for the fanciful purpofe of preparing 
Aurum potabUe : the principles of this mill were. Tome years 
ago, found applicable to the grinding of dry indigo in Mr. 
Taylor's manufa61ory at Mancheller, and were ^fo found 
by Mr, Rawlinfon> above mentioned, to be the bed adapted 
for finely pulverizing the dry colours intended to be ground 
with oil or water tn his colour-mill. This fimple mill is 
reprefented in 3 , where L is a marble mortar, nicely 
formed and pohfhed ; M is a muller nearly in the form of a 
ear, having an iron axis fixed into its upper end, which is 
ent into Ae form of a crank at P to ferve as a handle for 
turning the muller : the axis is fixed, when in ule, into two 
collars 0, 0, in beams of wood N N, fo as to revolve eafily 
and truly in the axis of the mortar. This muller is (hewn 
feparately at fig^ 4 , which (hews a Hit that is made through 
it, almofi: dividing it into two parts : this flit is of ufe in col- 
ledling the colour which is grinding, and bringing it continu- 
ally under the muller. A circular board in two halves, with 
a centre-hole to fit the axis, is ufed to lay over the mortar, 
to prevent the dull of the colours from flying out, to wafte 
the fame and injure the health of the workmen. By means 
of the fiat perforated weights R, on the top of the axis, any 
required prefTure can be applied upon the muller. 

For preferving the health of fuch colour-men and painters 
as fiill prefer the common done and muller for grinding their 
colours, M. Boulard, in the Journal de Phyfique, recom- 
mends an apparatus reprefented in Jig. 5 , wherein the 
Rone, and its table A B, is furrounded by a clofe-fided 
cafing of boards C, C, fitted to the floor of the room, and 
leaving a fpace of about ^Vth of an inch wide all round 
the table fupporting the ftone ; this is for emitting a current 
of fre(h air, which is to be fupplied by a pipe D D extend- 
ing from a hole in the floor under the cafe, to the outward 
air in fome moft convenient place. Over the ftone a glazed 
pyramid E E and metal tube F is fupported by the irons G 
and braces H, H, H, or by other more convenient ibeasis, fo 
that the pyramid E E projects, on all (ides, about three 
inches beyond the ftone ; and at a height above the fame no 
greater than is (ufficient for the free admiflion of the work- 
man’s arms to work the muller, and with his pallet knife to 
fcrape together the colour when requifite, and which he will 
be able perfectly to fee to do, through the glafs in the frame, 
without inhaling the vapour from the colours, but which are 
to be made to afeend tnrough the tube F, and pafs off into 
the open air through the tube M M, by means of a fraall 
ftove 1 1 clofcly jointed to the tubes F and G, which is to 
be kept burning during the hours of work, in order to pro- 
duce a current between the pipes D and M, that may effec- 
tually carry off the contaminated air which has been in cqn- 
ta£l with the colours on the ftone, along virith their eflBuvia. 
K reprefents the door of the fire-place, and L that of the 
a(h-hole of the ftove, both contrived to (hut very clofe. In 
the pipe F a regifter N (hould be made for regulating tlw 
burning of the ftove, by the admiflion of more or Icfs air 
thereto through the pipe F. If defirable, the elefe pipe 
F may be conduced intoHhe fire-place of any ftove or fire in 
the apartments above, or it may evendefeend by a proper 
curvatuM, fo as to admit of the ftove 1 1 being placed on the 
ground, and applied to any ufeful purpofti as the boiling of 
oi)| or heating an adjoining room, 
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Mill, Cotton. See Makufacture of Cotton, 

Mill, Floodf that fort of mill which is contrived for the 
purpofe of railing water in order to difeharge it « 1 rom fens, 
mar/hes, and other fimilar kinds of land. 

Mills, Forge^ turned by water, ferve to raife and let fall 
one or more huge hammers, to beat and form the iron into 
bars, anchor*, and other malfive works. They are alfo called 
tilt-mills. See Forge, Iron, and Steel. 

Mill, FuUing% i^a water-mill which raifes and beats down 
large wooden piflons in proper velfcls called pools, lir troughs^ 
in order to full, fcour, and cleanfe woollen Ituffg. Sec b ULL- 
iso-Mill. 

Mill, Gunpowder, is that ufed to pound and beat toge- 
ther the ingredients whereof gunpowder is compofed. 

This is Qone in a kind of iron or brafs mortar, by means 
of iron peftles wrought by a w'heel without fide the mill^ 
turned by the water falling it. See Gunpowder. 

Mills, Leather, are uted to fcour and prepare with oil,, 
the (kins of flags, buffaloes, e.ks, bullock*;, &c to make 
what they call bujf leather, for the ufe of the foldiery. 

This is effcAed by means of fevera* large piflons, rifing 
and falling on the (kins, in large wooden troughs, by 
means of a wheel without-fide, turned by the force of 
water. 

Mills, Linen, do not differ much from fulling-mills. 
Their ufe is, to fcour linens, after their having been firft 
clcanfed when taken out of the lixivium, or Icy. S jme of 
thefe go by water, and the generality by horfes. 

Mills, Oil, when turned by men, water, hand, or horfe,. 
ferve to bruife or break the nuts, olives, and other fruits 
and grains, whofe juice is to be drawn, by exprelTion, to 
make oil. See Oil. 

Mill, Paper, a water-mill, furniflied with engines con- 
taining cylinders furniflied with teeth which cut and ^^rind the 
rags or cloth in a kind of wooden trough ; and thus, by 
reducing them to little pieces, turn them into a kind of 
pulp, by means of water conveyed into the troughs by a pipe* 
for that purpofe. Sec Paper. 

Mill, Sawing, is a water-mill, ferving to (aw fcveral 
planks or boards at the fame time. 

Thefe are frequent in France, efpecially in Dauphin^. 

They were lately prohibited in England, where they were 
begun to be introduced, from a view to the ruin of the 
fawyers, which mull have enfued- See Sawing^ alfo Ma- 
chinery, Block. 

There are alfo Jilk mills, for fpinning, throwing, and 
twifling filks ; which are large round machines in form of 
turrets, five or fix feet high, and fix yards in diameter; 
which, being turned, either by the force of water or that of 
men, work at the fame time an infinity of bobbins faltened 
thereto, whereon the filk had been wound to be here fpun 
and twilled. 

There arc abundance of mills of this kind in France, 
efpecially about Lyons and Tours, fome of which are fo 
difpofed, as that three of them will go at che fame time, 
and by the fame wheel wrought by water or by ftrength of 
hand. That in the H 6 pital de la Charitd at Lyons, is won- 
derful, a tingle man working no lefs than 48 of thefe mills. 
See Silk, and Winding of Silk. 

Mill, Stamping. See Stamping. 

Mill, Sugar, is a machine that ferves to brotfe the fiig^r- 
canes, and exprefs the liquor or juice contained therein. 
The fugar-mills arc very curious contrivances. Of thefe 
there are four kinds, being turned either by water, wind» 
men, or horfes. 

Thofe turned by the hand were firft in ufe ; but they are 

DOW laid afide^ as being an intolerable bardlhip on tbe poor 
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negroes wbo were doomed thereto, befidea the ilownefs of 
their progrefs. 

Wind-mills arc the moft modern ; but they are yet fome- 
what rare, excepting in St. Chridopher’s and Barbadoes, 
and amon^ the Portugucfe-. Thefe make good difpatch, but 
have this inconvenience, that they are not eafily (lopped ; 
which proves frequently fatal to the negroes who feed them. 
See Sugar. 

Mills, Tan or Barh^ wrought by water or horfes, fertre 
to cut certain barks into a coarfer fort of powder, proper 
for the tanning of hides, &c. 

Mills for Sword blades are likewifc moved by water. 
They are frequent at Vienne, in Dauphine. By working 
heavy hammers they forge tbofe excellent fword-blades, 
called blades of Fienne^ 

The ufes and operations of thefe feveral mills, more at 
large, fee under Pa fpii, Fulling, Sugars, &c. 

Mill, Threjhmgy fuch a machine as is contrived for the 
purpofe of threfliing grain or other forts of feed crops. 
See Threshing Machine. 

Mill, in Coinage, is a machine ufed to prepare the laminae, 
or plates of metul, and to give them proper thicknefs, hard- 
nefs, and confidence, before they be druck, or damped. 

This machine has not been long known among us ; but is 
of fome danding in Germany. It confids of feveral wheels 
dented like thole of clocks, &c. which move two cylinders 
of deel, between wlxich the metal is paded to be brought to 
its proper thicknefs. It was fird turned with water, (ince 
with horfes. See Coinage. 

Mill, in Commerce, a money of account in the United 
States of America 5 looo mills being = loo cents = lo 
deniers ac a dollar. 

Mill, among Gold Wire Drawers, is a little machine 
condiling of two cylinders of deel, ferving to flatten the 
gold or (liver wire, and reduce it into laminse, or plates. 
See Gold Wire. 

They have alfo mills to wind the gold wire or thread on 
the filk : thefe arc compofed of feveral rows of bobbins all 
tu'^ned at the fame time. 

M.ihL‘Reeh, in Medicine, an appellation given by the 
miners, employed at the Leadhills in Scotland, to thofe 
afTeflions of the bowels, and of the uervt'us fyftem, which 
are occafioned by the poifon of the lead. The mclting- 
houfes, in which the operations are carried on, are called 
mills, beqaufe the bellows there are worked by water-wheels; 
and the reck, or fmoke, ariHng from the melted lead, is be- 
lieved to be the chief caufe of the difeafe ; whence the term 
mUl reek has been appropriated to the malady. See Eflays 
and Obf. Phyf. and Liter, vol. i. art. xxii. Edinburgh. 

M,iLh‘Dams, in Rural Economy, the bafons which contain 
the water for fupplyiiig mills. A very firm way of making 
thefe in a quick or running fand, which is ufuady found a 
very troublefome circumftance in the making of them, is by 
laying the foundation with unflaked lime ; which, by flak- 
ing among the fand, runs together into a hard (lone, which 
gives a very firm and fure foundation. Pioti’s Staffordfhire, 

mii.h*Holms, a term applied to the low meadow's, and 
otlier fields in the vicinity of mills, or watery places about 
mill-dams. The foils in thefe cafes are generally of a good 
quality. 

MiLL-/^aa/, a (lock or pond of water, by the force of 
which the motion of a water-mill is elFeded. 

The dam of a mill-pool is raifed much in the fame man- 
ner as diredled for fjfb-ponds ; which fee. 

l/l\hh-Stonei, in Kural Economy, the prepared (tones made 
ttfe of in grinding grain and other fubuancesi which are of 
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different kinds, according to the piirpofes for which they 
arc employed, but thofe chiefly ufed in grinding wheat into 
flour, were formerly imported from France, and termed 
burrs* Lately, however, (tones proper for this ufe have been 
difeovered in different parts of this kingdom, as in Wales 
and S^cotland. In the firit of thefe places they were found 
by Mr. Bowes, in a quarry which is “ fituated wdthia the 
corporation liberties of Conway : the (lone appears within a 
quarter of a mile of ihat town, and extends from call to 
weft for the di (lance of two miles, appearing in moft places 
upon the furface within that diftance. Such an immenfe 
body of the (lone has been left bare and expofed to view, 
that* the induftry of ages would fcarcely lelTen it. A deep 
chafm intervenes at the end of two miles ; and, on examin- 
ing the fame line acrofs this valley, he found the (lone mixed 
up with various other foflil fubftances, to which it Teems to 
bear no relation. In the next rife of mountains it refumes 
its quality, and takes a foutherly diredlion, palfing through 
a range of hills to the diftance of two miles more, wliere 
the vein difappears. It is every where the higheft ftratum ; 
and when difengaged from the quarry where now worked, it 
tumbles down the fide of the mountain to the plain within 
five hundred yards of the (hipping-place, where fmall vefleU 
may lie fafely in all weathers at a natural quay, completely 
calculated for this bufinefs.” The quarry lies on the decline 
of a hill : the vein now is about eight yards wide ; but he 
has reafon to fiippcfe it wider below. At the depth he has 
funk, which is at leaft twenty-five feet, the (lone mends in 
quality. When firll taken from the quarry it is much fofter 
and ealier wrought into (hape, than when expofed to the air ; 
even a day makes a difference. The vein appears to him 
quite incxhauftible, and contains every variety of the (lone, 
cellular, clofe, hard, or foft. The right in this tradt of 
country has been prefented to him, by Mr, Sneyd of Staf- 
fordfhirc, Under the hope that he might be able to make 
this difeovery, and carry it vigoroufly into effeft, in which 
he has not been difappointcd. 

It would appear from the evidence fent to the Society for 
the Encouragement of Arts, See. that the ftoues raifed from 
this quarry are capable of being employed in mod cafes 
where thofe imported from France have been in ule, and 
that the Hone, from its external appearance, feems to be con- 
ftituted of quartz and cherts. 

And in the latter of the above fituations ilones fit for this 
ufe were dilcovered by James Brownhill, miller, “ who, when 
the late unfortunate war had rendered the getting of the 
French burr extremely difficult, as he was palfing by the 
great bafaltic rock of the Abbey Craig, near Stirling, 
examined the texture of feveral mafles ot the (lones ; and 
found one fpecies, which appeared to him fit for the grind- 
ing of wheat, and brought home a fample of them, which 
he (hewed to Mr. Alexander Ball, agent of the Alloa Mills, 
who agreed to make trial of a pair. They were built under 
his direftion in the fame manner as the French burr; and, 
on their being put to work, gave fuch Lth faflion to the 
culloiners of the mills, as induced the Alloa Mill company 
to have anoiuer pair built, and totally lay afide the French 
burr mill-ftones.*' It is fuggelled, that “ the French burr 
(lones are fo porous, as to make it neceffary to fill up the 
cavities with a preparation of alum : this confiderable ex- 
pence is faved by the uniform texture of the bafaltes ; and 
their fuperior excelletice is fo apparent, that upwards of 6o 
pair are now at work in feveral parts of the ktngdon), and 
the demand f »r them is daily incrcafing." In addition it is 
dated, that ** the bafaltes mill-ftones are not only excellent 
for manufa&urmg of flour, but for all kind of grift, Tlie 
diftillers give them a decided prefereuce, and they grind oats 
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in k tny complete ftyle, as the meal is returned quite free 
of land} which is a ^reat deiideratum for thofe places where 
oat bread is in ufe. The difcoverer of this ufe of the ba- 
falteSt builds milUftones of all fixes on moderate termsy and 
is careful, from his experience as a miller, to build them of 
fuch a grain as is moft fuitable for the particular purpofes 
for which they arc intended. 

The following remarks are ofTcred by Mr. Fergufon on 
the fize and velocity of mill-ftoncs. The diameter of the 
upper done is generally about fix feet, the lower ftone about 
an inch more ; and the upper done, when new, contains 
about 22^ cubic feet, which weighs fomewhat more than 
19,000 pounds. A done of this diameter ought never to 
go more than 60 times round in a minute ; for if it turns 
fader, it will heat the meal. But according to Mr. Imifon, 
the mill*done fhould turn twice round in a fecond of time, 
and fhould only be four feet and a half in diameter. It may 
probably be imagined, that the meal will be much heated by 
fuch a rapid motion as he has recommended, but the effeft 
is counteradled by diminifhing the fize of the mill>done from 
fix feet to four and a half. The velocity of the circumference 
of the ftnall mill-done moving twice round in a fccond, is 
only one-third greater than the velocity of the large mill- 
done moving once round in a fecond. 

It may be noticed, that in the former of the above quarries 
mill-dones are raifed which are of much larger fizes tnan the 
French burrs, which may probably be an advantage in feme 
cafes. 

The modes of preparing milhftones for the purpofe of 
grinding have bees deferibed already, and^. 6. of P/a/^ 
XXXV. reprefents the furfaceof the under grinding mill- 
done, the way of laying out the wads or channels ; the 
wooden bufh is fixed into the hole in the middle, in which the 
upper end of the iron fp indie turns round ; and the cafe or 
hoops that furround the upper one, wliich ought to be two 
inches clear of the ftone all round its circumference. B 
fhews the upper grindinij mill-ftonc, and iron crof« or ryrd 
in its middle, in the centre of which is a fquare hole that 
takes in a fquare on the top of the iron fpindle, to carry the 
mill- ftone round : when the working fides or faces of the 
mill-ftones are laid uppermoft, the wads muft lie in the fame 
direction in both, that when the upper ftone is turned over, 
and its furface laid on the under one, then the channels crofs 
each other, which aflifts in grinding and throwing out the 
dour ; the wads are aTo laid o;'t according to the way that 
the upper ftone revolves. In thefe the running miltftone is 
fuppofed to turn funways^ or what is called a richt-handed 
mill ; but if the ftone revolves the other way, the clmnnels 
mud be cut the reverfe of this, and then it is termed a left- 
handed mill. See Mill. 

The mill-ftones uhich we find preferved from ancient 
times, are all imall, and very different from thofe in ufe at 
prefent. Thorefby mentions two or three fuch found in 
England, among other Roman antiquities, which were but 
twenty inches broad ; and there is great reafon to believe 
that the Romans, as well as the Egyptians of old, and the 
ancient Jews, did not employ horfes, o’* wind, or water, as 
we do, to turn their mills, but made their Haves and captives 
of war do this laborious work; they were in this fervicc 
placed behind thefe mill-ftones, and puHied them on with all 
their force. — Sampfon, when a prifoncr to the Philiftincs, 
was treated no better, but was condemned to the mill-ftone, 
in his prifon. The runner, or loofe mill-ftone, in this fort 
of grinding, was ufually very heavy for i'^s lize, being as 
thick as broad. This is the mill-ftone which it is exprefslj 
prohibited in Scripture to take in pledge, as lying loofe it 
was more c^fily removed. The Talmudifts have a ftory, 
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that the ChaldssaBt made the young men of the captivity 
carry mill-ftones with them to Babylon, where there Teems 
tO/have been a •icarcity at that time ; and hence, probably, 
their paraphrafe renders the text ** have borne the mills, or 
mill-ftones which might thus be true in a literal fenfe. 
They have alfo a proverbial expreffion of a man with a mill- 
ftone about his neck; which they ufe to exprefs a man under 
the fevereft weight of afflidion. This alfo plainly refers 
this fmall fort of ftones. 

Mill- /fori. Under this head we intend to treat of the 
parts and mechanical contrivances ufed in mills. Under the 
article Machinery, the reader will find obfervations of a 
ftmilar nature to thofe of the prefent article, but applied 
to fmaller and more delicate machines than thofe which are 
ufually denominated mills. 

The objeft of this article will therefore be, to give a ge- 
neral account of the moil important pieces of mill-work, 
as cog-wheels, (hafts, bearings, &c. ; which parts being com- 
mon to mills of all kinds, would, if minutely deferibed under 
every head where they arc employed, introduce a great many 
needlcfs repetitions. 

The different fir ft movers of mills will be treated of, and 
deferibed under their feveral heads of Steam Water- 
JVheelst and AVind-^iV// and the adlinr ruachines of feveral 
kinds of mills, as clay-mill, grinding-mill, under Cutlery ; 
fulling-mill, flour-mill, iron-mill, under Manufacture of 
Iron ; oil-mill, cotton-mill, under Manufacture of Cottony 
rolling-mill, fpinning-mill, filk-mill, thra(hing-mill, water- 
mill, fa wing-mill, under Machinery for manufatlaring 
Ships* Blochs at Portfmouth ; Tilt Mill^ &c. &c. 

Cog-wheels are the moft important and numerous parts of 
mill-work, few mills being without them, to modify the 
direftion, and adapt the power of the firft mover, which 
a^luatca the mill, to the working point, or the machine which 
performs the operations the mill is intended for. Moft mills 
contain feveral different kinds of machines, or operative 
parts, all deriving their motions from the fame fource, or 
firft mover. Thus, a flwur-inill contains ftones for grinding; 
dreding machines for fifting the flour ; fack tackle, for 
drawing up the facks, &c. ; all which arc moved by the 
fame firft mover as a water-wheel, wind-mill, Ileam-cngine, 
or h ->rfe-wheel. But each of thefe machines requires to be 
moved with a different velocity to perform its work in the 
bett manner ; and it is the object of the mill-work to ob- 
tain thefe different velocities from the fame firft mover, 
chiefly by the means of wheels; which, therefore, from their 
importance, deferve the firft notice. There are a variety of 
cog-wlieels, as fpur-wheels, {or gear in the technical phrafe,) 
bevil-whecls, face-wheels or crown-wheels, pinions or nuts, 
trundlf.s or lanterns ; with a variety of other names which 
arc local, but have the fame fignification with fome of the 
above. 

Spur wheels are thofe in which the teeth prejeft from the 
periphery of the wheel, in the dircdlion of radials (fee Plate!, 
fig. i.of Mill work) i they are fo called, from the refem- 
blance to the rowel of a fpur, A fpur-whcel is ufed to com- 
municate motion by its teeth to another, fituated in the 
fame plane ; confequently, the axes of the two are parallel 
to each other. The fpur-wheel, at other times, works with 
a pinion^ or nut (fee fig. 2.), which is in fafil a fpur-whwl of 
friiali fize ; at other times with, a trundle or lantern. This is a 
pini »n ot peculiar conftruftion; confiding of two circular 
boards A, A, (fig, 3.) fixed, at fome diftance apart, upon its 
axis of motion or (baft B B, and united by a number of 
cylindrical pins n, called Haves, or rounds, which are ar- 
ranged in a circle, and fixed parallel to the axis of the 
trundle between the two boards of it. The teeth of the wheal 
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Ift upon then^ rounds to gWe motion to the trundle | the 
rounds^ therefore, mud be the fame pitch or diftanoe afunder 
as the cogs of the wheel. The number of the rounds pf the 
trundle o? courfe determine its diameter. Trundles have of 
late years fallen into difufe among mill-wrights^ caft iron 
pinions being found much more preferable i thep were fome^ 
times ufed to work with fpur-wneels, but more commonly 
with 

Face-nvhietu fee 4* In thefe, the teeth or cogs arc 
fixed perpendicularly to the plane of the wheel, parallel, 
therefore, to its axis i they were ufed to.work with another 
fimilar wheel, or with a trundle with a fpur-wheel, or with 
a pinion, when the two aites were required to be perpendi- 
cular to each other, as (hewn in 3 and 4. 

The crown or face-wheel has of late years been altnoft 
wholly fuperfeded by bcviUwheels, which, in all fituations 
where a wheel is required to turn another in a diredion peN 
penJicular or inclined to itfelf, are found vadly fuperiof. 

Bevilled or MUrc^ni)bcets^ 5. of the plate, nave their 

teeth formed upon a conical mrface, the angle of the cone 
being the fame as the angle the axes C, D, of the two wheels 
A, B, make with each other. The introdudion of this 
clafs of wheels into machinery is a very elTential improve- 
ment, which has been wholly made within thefe thirty years* 
Bevil-wheels are of courfe luways ufed to work with others 
of the fame kind. 

The manner of fetting out the teeth of cog-wheels, in 
fuch a form that they (haU ad in tbe moll equable manner 
npon each other, and with the leait fridion, has heed a fub- 
jed of much inveftigation among mathematicians and theo* 
retie mechanics ; but the pradice and obfervation of the 
mill-wrights have produced a method of forming cog-wheels, 
which anfwers nearly, if not fully as well in pradice, as the 
geometrical curves which theoi^ bps pointed oUt to be the 
molt proper. This they have effeded by making the teeth of 
the modern wheels extremely fmallahd numerous. In this cafe, 
the time of adion in each pair of teeth is fo fmall, that the 
form of them becomes cbiiiparatively of flight importance 1 
and the pfadical method of the mill-wrights (uflng arcs 
of circles for the curves) approximates fo nearly to the 
truth, that the difference is of no confequence : ana this me- 
thod is the heft, bepaufe it fo caflly gives the means of form- 
ing all the cogsekadly alike, and pfeci&ly the fame diftance 
aiunder, which, by the application of any other curve than 
the cii‘cle, is not fo eafy. The method, which is extremely 
fimple, is explained, by l • The wheel being made, and the 

cogs fixed in much larger than they are intended to be, a 
circle, isd, is deferibed round the face of the rough cogs 
upon its pitch iTutmetetf that is, the geometrical diameter, or 
ading line of the cogs| fo that when the two wheels are at 
work together, the pitch circles, n, of the two are in contad* 
Another circle, hh^ is deferibed within the pitch circle for the 
bottom of the teeth, and a third, dd^ without it, for the 
extremities# After thefe preparations, the pitch circle is ac* 
Curately divided into the number which the wheel is in- 
tended to have 1 a pair of compaifes are then opened out to 
the extent of one and a duarter of thefe diviflons, and with 
this radius arcs are ftruck on each fide of every divifion, 
from the pitch line a to the outward circle d d. Thus, the 
point of the CompalTes being fet in the divifion r, the curve 
fg on one fide of the cog, and n a on one fide of the other, 
are deferibed ; then the point of the compafles being fet on the 
adjacent divifion i, the curve / m is defenbed. This completes 
the carved portion of the cogse, and this belhg done all 
round coffiplmes every tooth : the remaining portion of the 
cog within the pitch circle, a, is bounded by two ftraight 
}uS$ drawn from the poinu and m toward the oentrei 
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this being done to the cogs alt round, the wheel is fet out 
and the cogs, being drefled or cut down to the lines, will bi 
formed ready for work, every cog being of the fame breadth ^ 
and the fpace between every one and its neighbour is exaftly 
equal to the breadth, provided the compaifes are opened to 
the extent of one divifion and a quarter, as firft deferibed. 

Many different methods of forming teeth have been pro<* 
pofed, among them the following : Let the tooth a (£g» 6.) 
prefs on the tooth i in the point C t and draw the line 
r C D E perpendicular to tne touching furfaces in the 

f pint C I draw A E, B £, perpendicular to F S, and let 
‘ E cut the line A B In D. It is plain from the common 
principles of mechanics, that if the line F E, drawn in the 
manner now deferibed, always paft through the fame point 
D, whatever may be the fituation of the aAing teeth, the 
mutual a6tion of the wheels will always be the fame. It 
will be the fame as if the arm A D a6ted on the arm B D# 
In the treat ifes on the conftrudions of mills, and other works 
of this kind, are many in(lru£tions for the formation of the 
teeth of wheels ; and sJmoft every noted mill-wright has bis 
own noffrums. Moft of them are egregioufly faulty in 
refpedi to mechanical principle. Indeed, they are little elfe 
than inftrudions how to make teeth clear each other without 
fticking. Dr. Hooke was, we think, the firft who invefti- 
gated tne form of teeth which procured this conftant aftion 
between the wheels) and in a very ingenious dififertation, 
publifhed among the Memoirs of the Academy of Sciences 
at Paris, 1668, this gentleman (hews that this will be en* 
fured by forming the teeth into epicycloids. Mr* Camus, of 
the fame academy, has publifhed an elaborate diifertation on 
the fame fubjedt, in which he profecutes the principles of 
M. De la Hire, and applies it to all the varieties of cafes 
which can occur in praaice. There is no doubt as to the 
gcx>dnefB of the principle, and it has another excellent pro- 
perty, ** that the mutual adion of the teeth is abfolutely 
without any fridion.^^ The one tooth only applies itfelf to 
the other, and rolls on it, but does not fiide of rub in the 
flighteft degree. This makes them laft long, or rather does 
not allow them to wear in the Icsft. But the conftrudion 
is fubjed to a limitation which muft not be neeleded# The 
teeth muft be fo made, that the curved part of the tooth 
is aded on by a fiat part of the tooth at till it comes to the 
line A B in the courfe of its adion ; aftef which the curved 
part of a ads on a flat part of hf or the Whole adion of e 
on i is either completed, or only begins at the line A B# 
joining the centres of the wheels# 

Another form of the teeth fecures the perfed uniformity 
of adion without this limitation, which requires very nice 
execution. Let the teeth of each wheel be formed by evolv- 
ing its circumference ) that is^ let the adinr face G C H of 
the tooth a have the form of a curve traced by the extremity 
of the tliread F C, unlapped from the circumference. In like 
manner, let the ading face of the tooth h be formed by un- 
lapping a thread from its circumference# It is evident that 
the line F C £, which is drawn perpendicularly to the touch- 
ing furfaces in the point C, is Juft the direAfon or polition 
of the evolving threads by which the two ading faces are 
formed. This line muft, therefore, be the common tangent 
te the two circles or circumferences of the wheels, and will, 
therefore, always cut the line A B in the fame point D* 
This form allows the teeth to ad on each other through 
the whole extent of the line F C E, and, therefore, will 
admit of feveral teeth to be ading at the fame time ; (twice 
the namber that can be admitted in Mr. De la Hire’s me^ 
thod.^ This, by dividing the prefiTure among feveral teeth, 
diminiihes its quantity on any one of them, and, therefore, 
diminifiies the dents or impreffions which they unavoidably 
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tnake on each other. It ia not altogether free from Aiding 
or fridion, but the whole of it can hardly be faid to be 
(eniible. The whole fide of a tooth, three inches long, be- 
longing to a wheel of ten feet diameter, a^ing on the tooth 
of a metl of two feet diameter, does not amount to 
of an inch« a Quantity altogether infignificant. Conical 
wheels, or bevillea gear, may be confidered as coafifting of two 
cones rolling on the furfaces of each other : let B and C, 
7>) be thebafes of two cones turning on their centres, 
having teeth cut on them diverging from the apex A to 
thebafes B and C. Thefe teeth willvrork freely into one 
another from the apex A to the bafes B and C, when turned 
round ; but the teeth near the point of the cone being fmall 
and of little ufe, may be cut off at G and H. Theie teeth 
may be inade of any breadth, according to the ftrefs they 
are intended to bear ; and this is of vail importance, be- 
caufe by this method they may be made to overcome a 
much greater refiftance, and work fmoother than a face- 
wheel and trundle of the common form. Belides, thefe 
kind of wheels are of fingular ufe to communicate motion 
in anv direAion, or to any part of a building, with Ms 
trouble and friAion than wheels of any other confiruAion. 

We (hall now venture feme remarks upon the manner of 
conftru^ing wheel-work. Cog-wheels were formerly made 
of wood, and fome are ftill conflruAed of that material ; 
but of late years cad-iron wheels have been fubdituted, and 
found much fuperior in drength, accuracy, and durability. 
Wooden wheels are framed together in fegmenta ufually 
of three thickiiefles, to break the joints upon each other. 
(See Jig. I.) The middle thicknefs is made in fix or eight 
pieces, and left on the infide with draight fides, x^x, into 
which the arms arc fitted, and bolted againd it. On each 
fide this middle thicknefs, another is (X X,^^. i.) placed 
with break joints, and all the three are bolted together to 
make a folid rim, in which the cogs are to be fixed by mor- 
tifes, the tenons or tails of the cog being held in their 
places by a pin driven through each. The arms of wocden 
wheels are made in different ways ; fometimes they are mor- 
tifed through the (haft, and the ends are notched iu the 
middle of the fides of the oAagonal pieces a’, at, and bying 
againd the face of them behind, are bolted to them to Jaake 
au fad. This manner of uniting the arms with the ilm is 
(hewn at f (Jig. 4.) ; but this method is not the bed, bc- 
caufc the mortifes weaken the (haft very materially^ liud it 
is difficult to get fuch a wheel off if ever it is requUMt on a 
failure of the fliaft, &c. On this account, the ^thod 
called clafp arms is much preferable; it is (hewn i. 
Four arms EE, F F, are ufed, which are halved kito each 
other, and form a frame as in the figure, leaving a fquare 
opening in the centre, and holding tnc rim of the wlieel by 
their ends, which are bolted to the middle thicknefii of the 
rim, as (hewn mjig* 4. To fit pn fuch a wheel as thiif the 
(haft is made up to a fquare, by fixing pieces of wood upon 
iu fides ; and the wheel being hung utoo this, is made fad 
by wooin wedges driven in aU round, the fquare formed ^- 
tweea tUc arms being rather larger than the (haft, by which 
means the wheel can be adjuded to come quite true by the 
wedging. Fuce-whecls, like^. 4, have fometimes toys 
or braces proceeding from the back of the rim to 
diftance along the (haft, where they are received in morttfes, 
as (hewn by the dotted lines • theie make the wheel exceed- 
ingly drong, and keep it very ftiff in the fauare upon iu 
axis, which is very neceffary, as the aAion of the teeth of 
a face-wheel meeting a trundle, is to throw the wheel back 
upon iu lhaft, whidi tendency thefe ftavs cffeAuaily coun- 
ceraA. At other times, two lets of clay arms are ufed for 
the fame end, one bolted on each fide of the middle thick- 
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nefs olf the wheel, by the fame bolts which pafs through 
both, as well as the wheel, and unite the two fets like one, 
but of confiderable depth, fo that the wedging .will have a 
greater effeA to keep the wheel in the fquare. omall wheels 
are frequently made of plank, foltd, without any arms. In 
this cafe the middle thicknefs is made of four pieces, leav. 
ing a fquare hole between them, and they are kept together 
by a circular ring of fegments, bolted on at each fide all 
round, and the joints overbiyed. The condrudiion of trun- 
dies (^g*4*) has been fumcienrly explained, except that 
they ufually have an iron hoop fitted round the circular 
boards to prevent them from iplitting : indeed many large 
face-wheels have the fame. Small pinions are made out of 
one block of wood, and the cogs are fitted into it much 
in the fame manner as the fpokes are let into the nave of 
a coach-wheel. Iron-wheels either have the cogs cad in 
the fame folid piece with the rim, or mortifes are left in the 
cadings for the reception of wooden cogs, as thefe are 
found to work much better. The wheel and its arms are 
fometimes cad in one piece, but for large wheels the rim 
and its arms are formed in two feparare pieces and ferewed 
together. The reafon of this is, that in cading a large and 
extended piece of iron, it frequently happens that feme parts 
will cool in the mould, and become folm before the others : 
confequently, from their contraAion, thefe parts will be 
(horter than others which have retained their heat and 
fluidity longer. This circumdance happening to the arms 
of a wheel, will either warp the rim out of a true circle, 
or fet the metal of one part upon a drain againd another, 
fo that the flighted blow or jar will caufe them to fnap in 
fuch parts. All this danger ia avoided by making them in 
feparate pieces, as in Jig. 8 ; the end of each airro, as A B, 
has a flat expanded part, which lays againd a proper focket 
withinfide of the rim C D, and is bolted to it. One-hdf 
of this wheel is delineated, with wooden cogs fitted in, at 
CD; and the other half, FF, (hews the form of a rim, 
where the cogs and the arms r/ are cad all in one piece. 
In the latter cafe the rim has a rib g withinfide it for drength, 
in the fame manner as all the arms have, and which is evi- 
dently (hewn by the figure. In fome fituations it is necef- 
fary to fix wheels upon long (hafts while they are in their 
places, and cannot conveniendy be taken down : in this cafe 
fuch wheels may be made in two halves bolted together. 
Fig. 9. is drawn as if it were two halves of different kinds 
put together in this manner ; the joint being up the middle 
of the arms L, L, and the conne^ing bolts are plainly (hewn. 
By this method one wooden pattern, if very accurately 
made, will ferve for cading both halves of the wheel. Cog- 
wheels are found to work with lead friAion, wear, or noiie. 
When one has wooden, and the other iron cogs, dreffed 
exceedingly fmooth i;nd true, the fmall wheel is ufusdly made 
with the iron teeth, and the large one with the wooden ones. 
When fuch wheels are fird fet to work, the cogs are fmeared 
with black lead mixed with tallow : this gives them a glofly 
furface, which greatly diminifhes the friaion. Horimeam 
is found to be tim bed wood for the cogs, as it is not liable 
to fplit or fplinter away by long wear. The cogs are held 
in by a pin driven through the tenon or tail, withinfide the 
rim of the wheel. The wooden cogs are drefied by chilfeU 
to the marks fet out, in the fame manner as wooden wheels ; 
but the iron cogs are fird chipped with a cold chifiel and 
hammer, and then filed true. The great labour of doing 
this induced Meffrs. Boulton and Watts, fome vears ago, 
to eie& machinery for dreffing cogs. The wheel was pro- 
vided with apparatus to hold it fad at the feveral divifions, 
and a drong Aider, with a chiffel fixed in it, was forced be« 
tween the rough cogs by the revolution of a camm or heart. 
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witha fufficient power to cot away a (having* and form the defcribed. But to return to 9 ; the wheel beinjf j>re* 
cog perfeftiy at twice relating the operation. Some me- pared* and sta centre bored out* Uie (haft is turned* as uusal* 
chanics difplite the propriety of dreffing iron cogs- at all ; to bm its pirots, and* at the fame time* the |hirt which if 
they lay* that the exterior furface of the caflinga have a to receive tM wh^l is tum^ conical* to fit the hole through 
kind t>f cafe-hardeningt which is removed by the dreff- the wheel* which being jambed thereon will certainly pe 
ing* and a fofter fubfiance of metal expoM for the ad- trae at once : and to prevent it from flipping found upon 
ing furfaces. This is true* and the objedion would have its axis various means are in ufe ; fometimes a mortile is 
its full force* if it were poffible to make caftings of formed through the (haft A* at the fmali part of the cone, 
wheels perfedly true in the circle* and all the cogs pre- and a wedge r driven through* which is received in notches 
cifeiy the fame fize : but as the prefent ftate of the at the fides of the hole through the central part of the wheel* 
founder's art cannot infure this* it is bed to chip and fo that it holds the wheel from turning round on the (haft* 
file the cogs ; accuracy in the form of the teeth being at the fame time that it drives it hara* and fixes it upon 
a fuperior confideration to any quality of their fubftance. the conical fitting. Another method is to cut a channel 
The wheel being made in either of thele methods* mud next along the conical part of the (haft parallel to the axis of it* 
be fixed* or upon its (haft. Wheels are generally fixed and another fimilar one withinfide of the hole through 
faft upon their (hafts or axles before their teeth are fet out; the wheel ; then a fillet or feather of iron x* (^« lo.) being 
or* if this is not convenient* they are fixed on a temporary inferred into the two grooves* effe^ually prevents the whed 
fpindle to fet them out. When the wheel is made of from turning* unlefs t& ftfain is fo great as to cut the fea< 
wood* it is fixed upon the (haft* or a ten^orary axis* and ther in two through its whole length* which is eafily pre- 
turned round upon its pivots, while a chtflel is laid on fome vented by making it of a proper thi^nefs. Another method 
fixed fupport to cut or turn its circumference to a true cir- of fixing a wheel is to have a flaunch* or flat (boulder* formed 
cle* or elfe to make a mark to which its rim may be re- upon the (haft* and the wheel is drawn up againft this hj 
duced all round. The circumference is then divided* and mor- two* three* or four fcrew*bolt8 going through it* and al(o 
tifes cut out for every cog ; and when thefe are fixed in through the central part of the wlm]* parallel to its axis, 
they are much larger than they are intended to be* that they This plan is neither fo neat* fimple* nor llrong at the former, 
may be fet out* as above direded, and reduced to their When a wheel is required to be fometimes oifengaged from 
true figure* without abfolutely depending upon the accuracy its axis* the conical or cylindrical fitting is very conve- 
of the mortifes which receive them. Iron wheels are* as nient. In this cafe* the wheel (hould fit up againft a fiat 
before-mentioned, treated in a difF:rrent manner* being caft (houlder, asu* in^g» ii* and at the oppofite fide (hould 
in the impreflion of a truly circular pattern made of wood ; have a collet* or ring b, to confine it* and kept up by a 
the cogs caft folid* with the rim or elfe mortifes left all key going through to the (haft R. In this the wheel will 
round tor the reception of the wooden cogs : in either cafe flip round freely upon its axis* and communicate no motion 
the rim is a true circle* and muft be fixed upon the (haft thereto, though it is in conftant motion itfslf : but when 
exa^ly by its centre* inftead of forming the circumference they are required to be conne6led* a locking bayonet* or 
to the centre* as in the wooden wheel. To do this* the centre clutch-box* is ufed. Thefe pieces of mechanifm are conftrudt- 
hole through the iron wheel is made much larger than the ed in different forms ; one of them is (hewn in the figure, 
(haft which is to go through it, and the fpace all round is Strong arms A, A* are fixed faft on the (haft R* juft be- 
fiHed up by iron wedges dnven in ; fo that by means of thefe fore the wheel either by a circular fitting with a fillet* by a 
the wheel can be fixed exaftly true in the centre (or in fquire, or they may be caft with it. Through the extremi- 
the round), and alfo in the fiat that ic truly perpendicular ties orthefe arms holes are drilled to receive the (hanks /, /* 
to the axis. The manner of arranging the wedges is (hewn of the locking bayonet* which are fixed 'b^r nuta faft to an 
in&. 8* where eight wedges are (hewn by /1, round arm D* very nearly fimilar to A A, but it Aides on the 
the ihalt R. It is needlefs to explain how the wheel can* by Aiaft* and has a central part r* with a circular groove 
means of thefe* be fet exa 611 y true, when it is found by round it, in the manner of a puUey* and a fork embracing 
turning round upon the pivots of its Aiaft that any one Ade the central piece in this groove gives the means of Aiding 
of the circumference is farther from the centre than another, the bayonets f fi and D* upon the (haft* fo that the points 
For the purpofe of fetting it fquare upon the (haft* each of its (hanks intercept the arms of the wheel, fo as to carry 
wedge-hole is ppvided with two wedges* one driven in from it round with them and the (haft ; but when the points of f f 
each fide of the wheel* the two laying over each other in the are drawn back clear of the arms of the wheel* it flips round 
notch or hole in the manner (hewn at G. Thus, by gently freely upon the (haft, , The clutch-box is rather different 
driving one in* and the other a little outwards* the wheel from this ; it is a piece fitted upon the Aiaft with a fillet* fo 
may be very corredly redlified* if it has any deviation from that it cannot flip round* but will Aide endways upon it. 
the perpendicular. This is the ufual manner of hanging The end of the piece is formed with fevcral notches* or in- 
wkeefi* and for large wheels it is the only applicable method, dentations acrofs its face* which meet Amilar indentations 
JP/alx I I.^x. 9 and 10* is a far fuperior plan for fuch iron wheels in the face of the central part of the wheel* and thus unites 
ts are not too large or heavy to be turned in a lathe upon a the wheel and the (haft when the clutch is Aid up to it ; but 
chuck* fo that tlto centre is expofed* and may be bored the wheel is difengaged when the clutch is drawn from it. 
tkrough with a truly circular hole* and rather conical : of The conftrudion of beorwgt for the fupport of pivots at 
eourfe'the wheel is fixed upon the chuck, fo that its cir- the ends of (hafts or {jpindles, is a matter of great import- 
cumference runs truly ; and at the fame time the centre is ance in mill- work. The' old kind of bearing called braffes is 
bored* the pitch circle is deferibed upon the cogs* and fome- (hewn in Jig* 12. A lump of brafs a, with a femkircular 
times the ends of the cogs are turned to reduce them to a notch in it, was let into the piece of timber A* which was to 
true circle* and alfo the udes* that they may be ^xadly fiat: fupport it; and two fcrew-bolts b, bf were fixed throu«fh the 
for* as we have before obferved* iron wheels* however true timoer* being half received in notches formed in the fides 
their teeth may be caft* (hould always have their cogs rather or ends of the brafssr: the upper brafs* 3 * was exadly fimilar 
too large, ano then be fet out and dreffed* by dii(bling the lower* and oyer it a pute of iron* d, was placed* with 
and fiUng* to make them perfedly corred to the lines thus two holes through it to receive the two bolts b, b, and keep 



MILL 


489 


Uiem together: the nuts Cf upon the tops of the bolts con* 
fined the upper brafs down» and made all faft and tight. 
This kind of brafs is not fufficiently ftrong or fteady for all pur* 
pofes, and» therefore, the bearing mewn in 13. has taken 
Its place: in this, aa is a calt-iron plate, which is held by two 
or more bolts r, r, down upon the timber or framing of the 
mill : this piece of cad-iron has two pieces 5, rifing up 
from it, between which a piece of brafs, /, is bedded, and has 
a femicircular notch in it. Another (imilar piece of brafs is 
fixed into the cad*iron cap-piece B, which is fitted into the 
fpace between the two pieces 3, 3, and is drawn down by 
nuts upon the two bolts r, r. The brafles arc prevented from 
getting out Tideways by fmall fillets projeding from the 
middle of them, which are received into proper notches in 
the cad-iron work. In the fame manner the cap B is fitted 
between the pieces 3, 3, with a tongue or fillet, and groove, 
fo that it cannot deviate fideways, and then the bolts have 
only to draw the bralTes down together. Sometimes a bear- 
ing of this kind is fitted up, fo that it is adjudable in its 
pofition a little to adjud two wheels to work accurately 
with each other, or for other purpofes where nicety is re- 
quired. In this cafe, an iron plate, D, is bolted down to the 
framing, and the bearing, nn, lays upon it, the fame bolts 
r,r, going through both, and alio through the framing be- 
neath ; but the holes through which they pafs in the piece a a 
are oblong, to admit the whole bearing being adjuded fide- 
ways. This is done by two wedges 0 , inferted at the ends 
of the piece between the two ends of D, which rife 
up for the purpofe, as at nn. The bearing reds upon two 
wedges at and is drawn down upon them by the bolts 
r, r. By thefe two wedges it can be raifed up at pleafure, 
and by the other two, 0,0, at the ends, it can be adjuded end- 
ways to fet the bearing in the exaA pofition required ; and 
the bolts r, r, when ferewed fad, hold all tight. The bed 
way to make the interior furface of the brades for a bear- 
ing exaftly true, is to have them cad folid, that is, the 
two halves of the brafs in one, with a notch which very 
nearly, but not quite feparates them. In this date it can be 
chucked in a chuck-lathe, and the infide bored or turned 
out true : then it may be fawn in two halves, and put into 
its place, to which it fhould have been previoufly fitted. 
Sometimes the bearing is all fitted together and Tcitwed 
down in its place, and a borer is ufed to bore or broiacb out 
the hole for the brafles, the fame as is employed to bore 
pump barrels. Brafs is found, by experience, to be the 
bed fubdance to form bearings for a cad-iron godgeon, 
having the lead friftion, and, confcquently, lead wear, of 
any other fubdance which can be ufed. To diminUk this 
friAion dill farther, fridion-wheels are fometimes ufed. 
The manner of condrudiing thefe, when merely required to 
fupport a gudgeon, leaving its own weight to keep it down 
in its place upon them, is (hewn in Jig. 14. Here A A is 
an iron plate, which is to be bolted down upon the framing : 
It has holes through it to receive the friftion -wheels B,B, 
and fupports bearings u, a, for their pivots raifed up to a 
proper height, and provided with fockets for brafles, in 
which the pivots of the friftion-wheels arc to lie. The two 
friaion-wheels B, B, as is evident, lie by the fide of each 
other, and the gudgeon, D, of the (haft they arc to bw lies 
upon and between them, fo that when it turns round it rolls 
u^n them, or rather, their circumferences move with it, 
and, confequentiy, the pivots of the friaion-wheels move fo 
flowly, aa to diminidi the friaion very materially, the pro- 
portion depending on the relation between the diameters of 
the wheels B and the gudgeon D. This is not the bed 
kind of friaion-wheels, though the fimpled. Plate II* 
fig. 1 5. pfMUl-writ contains a view of another kind, called 


friaion-rollers : here A A is an iron plate bolted down to 
the framing, and an iron B, nfes up froni it, ail caft in 
one piece. The interior iurfece of this ring is turned in rhe 
lathe with the greated accuracy; and the pivot or gudgeon 
C, which is alio turned true, refts in the ce.Urc the^-eof, 
being fupported by fix rollers <j, u, &c. nrianged at equal 
didances round it, and of fuch r, diameter as to exadly fill 
up the fpace all round between rhe gudgeoi* and the ring. 
The rollers, it is evident, muft be made all of oi'o exafl dia- 
meter, and extremely true, and they mull fill up the fpace : 
then the gudgeon being turned round ^cls upon thefe rollers, 
and turns them round alfo at the fame time by this motion. 
As they have no fixed centre, they alfo roll round within the 
ring B, in the fame diredlion as the motion of the gudgeon, 
but with a very flow motion, which will be m proportion to 
the relative diameters of the gudgeon C and the ring B. 
By this means nearly all the fridlion is avoided, nothing like 
the Hiding of a gudgeon round upon irs bearing taking 
place here ; it is all rolling of one furface upon another : and 
as the contadi of two cylinders, fuppofing them hard, is 
but a line, the fridion, or more properly adhefion, is ex- 
ceedingly fmall ; and at the fame time that the gudgeon is as 
firongly fupported as poflible : but this depends upon the 
hardnefs of the matter of the gudgeon, the rollers, and the 
ring B. If the ring and gudgeon are made of hard caft 
iron, and the rollers of fted at a fpring temper, it will 
extremely well, though the ftrain or weight upon the rollers 
be very great. For light ft rains fofter fubftances might be 
ufed, but not to fo good an eSed. 

The manner of keeping all the rollers at their relative dif- 
tances from each other, in the ring B, that they may not run 
againft each other, is yet to be explained. Each roller, as 
fhewn at u, has a groove turned in it in the middle of its 
length, fo as to reduce it to a fmall neck in the centre : then 
an iron ring, L, is provided, which has fix holes drilled in it, 
in the proper pofitions for the centres of the rollers, that 
is at equal diftances round a circle, which is as much 
lefs than the ring £ as the diameter of the rollers, or the 
fame quantity larger than the diameter of the gudgeon C* 
Thefe holes are made to fit the fmall neck in the centre of the 
rollers, and to get them in, the holes are cut open from the 
outfide of the ring, fo as to become notches ; then the rollers 
being put into them, are all in one clufter, and in this ftate 
are introduced into the ring £. They will now be kept at 
their proper diftances afunder, and when the gudgeon C is 
introduced between them, they will all* take their proper 
places, and lie truly parallel. It is to be obferved that the 
holes or notches in the ring L, do not exaftly fit the necks 
of the rollers, which have therefore confiderable play, and 
but very little fridlion, for it is not eflential to keeping the 
rollers at their relative diftances that this ring flioula be 
ufed, but it will prevent the danger of their gating wrong 
by accident. To prevent any duft or dirt getting in, which 
would completely deftroy the a6lion of thu ingenious me* 
chanifm, a circular iron phte is fitted into the ring B, on each 
fide, and both are fixed by fmall ferews going through the 
ring. One of the plates N muft of courfe have a hole 
through the middle, to admit the gudgeon. The joints of 
thefe plates (honld be water tight, and then a quantity of oil 
being poured in, will remain in the bottom of the ring Bg 
and every roller, as it pafles, will be kept oiled ; though tbit 
is DO ways neceflary to their adfion. The end plate, which 
is not perforated, will make a ftop to prevent tne gudgeon 
moving endwavs, and the two plates will keep the rdlers 
fiom lEifting tneir pofition on eha ^ but to prevent firidioog 
if ever they come in conta&, the ends of the roller Ihould be 
rather convex, as ihewn at a, that they may touch in the 



490 

contrc rather than the outfides ; but they will never bear 
hard againd the plate, having no drift that way. 

A patent was taken out for thefe fri^^ion rollers many 
years ago, and a large manufadtory was edablifhed for making 
them for various purpofes, as carriage and waggon-wheeU, 
the gudgeons of heavy water-wheels, &c. : they were found 
to poflefs great advantages, having fcarcely any fenfible fric- 
tion w»hen in morion, but were liable to get out of order 
chiefly from the entrance of dufl, which occafioned the rollers 
to wear out of the round more on one fide than the others ; 
and if once by this accident the rollers flood ftitt for an in- 
ftant, the gudgeon wore a flat place in the two rollers be- 
neath it| and they would never run round again : a very little 
time would wear this flat fide fo deep as to flop the rollers, 
becaufe of the very fmall furfaces in conta£l with the gud- 
geons. For delicate purpofes, where hardened fteel can be em- 
ployed for all the rollers and the ring, they arc a niofl ad- 
mirable contrivance, and the above obje£lions will then apply 
very flightly ; hut, as before mentioned, their perfediion and 
durability will ultimately depend upon the hardnefs of the 
fubflances employed. 

Fi^. i6. reprefents a fuit of fridlion rollers for fupporting 
the weight of a heavy vertical (haft, as a horfe-wheel, a hori- 
zontal wind-mill, a capflan fugar-mill, &c. A A is a plate 
fupponing the weight of the (haft ; it has a conical eminence 
upon it, and a hole in the centre of this, which exadily fits 
the pivot or gudgeon r, at the bottom of the fliaft R : jupoti 
this gudgeon a conical plate B is formed, exadUy of the fame 
(hape and fize as the conical part of the plate A, and between 
thefe two plates three or four rollers a% arc fltuated, and bear 
the weight of the ftiaft R, or whatever preffes upon the 
plate B. The rollers are kept at proper diflances afunder by 
a ring, (hewn fepar^te at L, with three arms, n, projedting 
from It, which being formed into fpindles, pafs through the 
ceotret of the rollers and have collets and crofs keys to 
keep them on. In this manner, as the gudgeon and plate B 
liim round, the plate rolls upon the rollers a, <i, keeping 
always in the true centre, by the end of the gudgeon c fitting 
the hole in the centre of the plate A A ; but ttie weight is 
fuppoitcd by the rollers 4, a, which, at the fame time that the 
upper plate rolls upon them, they roll upon the lower, and 
thus very confidcrably diminifh the fiidtion which any other 
kind of gudgeon would have in fuch a ficuarion. 

in almoii all modem mills, the (halts or fpindles 
for w conveyance of motion, and fupport of wheels, are 
ma de of iron, either wrought or caft. Square fliafts are the 
mod common, but fometimes odagon and round ones m 
ufed ; and if they arc vetj hurge, they arc cad hollow, like 
pipes, and the gudgeons fixed in at the ends by wedges ; but 
the pifota (houTd mways, if pofiible, be fornm of the lame 
piece of metal, as the flighted poflible deviation from the 
d^ght line caufes them to drain, and work very insularly 
in their bearings. In wooden (hafts this is in^ra^cable, 
and it is one oi the greated objeAiont to the ufe of them. The 
bed method of fixing gudgeons into wooden (hafts is (hewn 
in jffg, 1 7. Here A w the gudgeon, made in cad iron, turned 
true ; it has four leaves, 4, A, r, forming a crofs, which it 
let into the end of the wooden (baft R : the front edge of each 
leaf is confiderably tlunner than the back, fo that a pair of 
drong iron hoops r r being driven tight on the end of the 
olofes the wood round the ^rof% and holds it fad, and 
the back of the leaves being wider than the front, it will not 
come out. As an additional fecurit^, ferews are fometimes 
put 10 : thelie are put through holes in the arms of the crofs, ^ 
which are then made fiat the other way, and dd not go fo 
for into the umod. IV ferews go into the timber a confider- 
aVedidaisBc, where a nmtUe is cut iaio the wood* to meet 
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the end of the bolt, and an iron nut is dropped in, to feretf 
the bolt into, when it is turned round bv a ferew driver. By 
this contrivance a gudgeon may be fitted into a wooden 
(haft very fad, but dill it will never come into competition 
with iron (hafts, when the gudgeon is made alllii one folid 
piece with the whole of the (haft. A judicious mechanic 
will never make more than two bearings upen any one fliaft, 
if it can be avoided, becaufe if the tVee, by any means, as 
the warping of the frame work, or other caufe, get the 
fmallefl pofiible quantity out of the draight line, they can 
never work w'ell afterwards, but will always drain and wear 
the bearings with great fridrion In very extenfive mills, fuch 
as woollen and cotton mills, breweries, dec. when the build- 
ings arc of great length, it becomes neceifary to join feveral 
(hafts together in length, to reach from one end to the other 
of a mill. The n.anner of making the joinings is of fome con- 
fequcncc : it is neceifary that every (haft (hould have a bear- 
ing at each end, and confequently that the connexion of the 
ends of every one (hould be made by uniting the ends of the 
(hafts w hich projed beyond their bearings. This can be done 
in various ways : one is by having the ends of each of the 
(hafts provided writh circular heads (fee A B 18.), which 
have teeth in one, and correfponding indentations in the 
other, to receive tliem, and thus one is made to turn the other 
about, at the fame time that if any flight fettlement of the 
building or other caufe depreffes one of the bearings, or 
raifes another, fo as to put the two (hafts out of the perfeA 
draight line they ought always to preferve ; thefe joints will 
admit the flight flexure, and flill communicate the motion of 
one (haft to the other. 

As this accidental fettlement in large buildings is almod 
unavoidable in fome degree, care (hoiud be taken to make 
fuch joints as wdll admit of a trifling bending. Sometimes the 
ends of the (haft are made circular, and turned quite true in 
the lathe ; then a metal tube or collar is fitted truly upon both 
to cover the joint, and conned them, a belt being put through 
each end, which unites both fliafts with the collar, and thus 
by means of it caufes one to turn the ocher round. This me- 
thod is fometimes ufed to fave the great expence of having a 
bearing at each end of every length of (haft, one bearing to 
each length being then fufficient, the other end of the (haft 
being fupported Dy this collar, coiineding it with the end of 
the adjacent length jud where it projeds beyond its bearing. 
But this is not a good method, as the (hafts are apt to bend 
and work with fo much fridinn in the bearings, if they get 
theieatt out of the draight line, becaufe thefe kind of joints 
will not admit any flexure of the fliaft, or if they do, tliey 
will only bend on one fide, whereas it is neceflary for the joint 
to bend fiicceflSvely on all Cdes, when the bearings are not pre- 
cifely in a draight line. 19. reprefents a coupling- 

box, ufed bv Mr. Murray of Leeds, for conneding the 
lengths of a long line of (naft which are to carry a Keavy 
drain : it is fo made that it will communicate the motion in 
the manner of an univerfal joint, if they (hould be out of the 
line. Let A, B, be the two fliafts to be united ; C, D, their 
necks or collars which lay in the bearings : the ends projediug 
beyond thefe have boxes £, F, fixed on them, either by a 
fquare with wedges, or by a round part with a fillet : one of 
tnefe boxes, £, has a piece projedingfrom the itifide of it on 
each fide, and extending into the other box, as is (hewn at 
4 4f (No. 2 .)» which is an infide view : the other box^ F, has 
two fimilar pieces projeding from it at ddinto the other 
box £ : within the boxes an iron crofs tc d^d\% fituated ; it 
has ferews fixed into the ends of the crofs, and by thefe 
the motion is communicated : thus, the pieces 4,4, when the 
fliaft A and box E are tomed round in the diredion of the 
amw (No.a.)adagaittdtIieforewsrirt ofihe crofs, and turn 
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It about : at the fame time the other ttvo fcrews d^ at the 
other arms of the crof® prefe again ft the pieces which 
belong to the box F and fhaft B, thus turning them round : 
the crofs is placed quite detached in the boxes, and thus ads 
as an uni verfal joint, to communicate the motion of one to the 
other : the fcrews cc^dd, at the ends of the crofs are only put 
in that the ading points may be made of fteel, and made 
fmooth to have but little fridion in thefe parts. Another 
method of uniting (hafts by Mr. Murray is (hewn at 20 : 
it has the advantage of requiring only one bearing for every 
length of (haft, whereas the above method requires one for 
each end of every length. A, B, reprefent the two (hafts ; 
feach has a pivot formed at the end : thefe pivots are fitted into 
a coupling piece C D E, which is bored out truly to fit them 
infide, and the outfide turned true, with a neck D D, which 
is received and fitted into a bearing : the two (hafts A, B, are 
conneded with the coupling piece D, ^t C and E, by means 
of a crofs key /m, put through each (haft, and the ends of 
them received in notches made withinfide of the coupling 
piece at C and E, where it receives the ends of the (hafts. It 
19 to be obferved that the (hafts do not fit tight in thefe 
parts E and C, but only in the pivots at 3 , within, by which 
means they have liberty of a little motion, and this without 
draining the bearing in which D runs, becaufe it is only the 
(hort coupling piece which is received therein ; and confe- 
quently, any trifling deviation from the ftraight line will not 
(train it, becaufe of the play allowed in the fittings. 

The univerfal j )int, called alfo Hooke's Joint, from its 
inventor Dr. Hooke, is a method of uniting (hafts, which 
permits them to be rather inclined to each other. This is 
(liewn in Jig. 21, where A, B, are the two (hafta, with necks 
to be received in bearings : each (haft beyond this is formed 
into a fork, as C and D $ and thefe are united by a crpfs of 
iroo'E, or fometimes a ring, in which four pins arein(erted> 
and pafs through holes in the ends of the forks. On one or 
other of thefe pins the joint will bend in any diredion, on 
the fi&me principle as a compafs hangs in its gombals, and 
will communicate a rotative motion from one (haft to the 
other, when they are rather inclined; but this inclination 
(hoiild be fmall, or elfe the joint will not ad weBi or with- 
out great fridion, and irregularity of motion. If an angle 
of more than 15 degrees from the ftraight line is reqidred, a 
pair of (lightly beviTled wheels arc beft. 

The regulation of the velocity of a mill is a matter of con- 
fiderable importance, to preferve an uniformity of motion, 
cither when the force of the (irll mover is fiuduitmg, or 
when the refiftance or work of the mill varies in iti degree : 
cither or both of thefe caufes will occafion the miB to acce- 
lerate or diminilh its velocity ; and in many inftances it will 
have a very injurious effed upon the operations of tlie mill. 
Thus, in a mill for fpinning cotton, wool, flax, 6cc. driven 
by a water-wheel, are a multiplicity of movements, many of 
which are occafionally difennged, in diiferent parts of the 
mill, for various purpofes. This tends to diminifli the re- 
fiftance to the firft mover, and the whole mill accelerates. 
Or, on the other hand, the head of water, which drives the 
wheel, may be liable to rife and fall fuddenly, from many 
caufes, which great and rapid rivers arc fubjed to, and 
caufe (imilar irregularities in the fpeed of the wheel. For 
fuch cafes, judicious mechanics have adopted contrivances, 
or regulators, which counterad all thefe caufes of ipbv*gu- 
larity ; and a large mill, fo regulated, will move like a clock, 
with regard to its regularity of velocity. Thefe regulators 
are ufually termed govemorsf and are made on different prin- 
ciples. Thofe moll generi^ ufed are called flying-balls, 
operating by the centnfugal force of two heavy balls, which 
are conneded and revolve with a vertical axis. Fig* 22. re* 
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prefents the fimpleft form of this ingenious apparatus : A A 
is the vertical axis, which is conftantly revolving by the ma- 
chinery \ z\ a a two arms or pendulums, abt ah^ are jointed, 
and carry at their extremities a heavy metal ball each, z.%bb% 
from tiie pendulums two chains or ii'on rods, d^ dy proceed, 
and fufpend a collar e,' which Aides freely up and down the 
axis, and has a groove formed all round it, in which the 
end of a forked lever, D, is received ; and thus the riling 
and falling of the collar, r, produces a correfponding mo- 
tion of the end of the lever D ; but the collar is always at 
liberty to turn round with the axis freely within the forJt, at 
the extremity of the lever. The operation of the governor 
is this : when tlte vertical axis is put in motion, the centri- 
fugal force of the balls, bt bt caules them to recede from the 
centre ; and as this is done both together, they caufe the 
collar, and the end 6f the lever to rife up : the balls fly 
out to a certain height, and there they continue as long as 
the axis preferves the fame velocity ; as it is the property of 
a pendulous ball, like b, to make a greater effort to return 
to the perpendicular, in proportion as it is removed farther 
from it, in confcquence of the fufpending rod being more in- 
clined, and bearing lefs of its weight. The weight of the 
balls to return to tne axis' may be coniidered as a eonftantly 
increafing quantity; while the quantity of the centrifugal 
force, caufing them to recede from the axis, depends exa£Uy 
upon tl e velocity given them. But this velocity increafea 
as they open out, (independently of any increafed velocity 
of the axis,) in confequence of their deferibing a larger 
circle. The combination of thefe oppofitely aaing forces 
caufes the governor to be a mod fenfible and delicate re- 
gulator. Thus : fuppofe the balls hanging perpendicular, 
put the axis in motion with a certain velocity, the centri- 
fugal force will caufe the balls to fly out ; and this increafing 
their velocity, (by putting them farther from the centre, and 
caufing them to revolve in a larger circle,) gives them a 
greater centrifugal force, which would carry them ftiU 
farther from the centre, but for the counteradling force, 
viz, the weight of the balls tending to return. This is, as 
before ftated, an increafing quantity, and confequently thefe 
oppofite forces come to a point where they balance each 
other ; that is, the balls fly out till their weight to return 
balances the centrifugal force. But if the flighted altera- 
tion takes place in t& velocity of the axis, the equilibrium 
is deftroyed by the increafe or diminution of the centrifugal 
force, and the balls alter their diftance from the centre ac- 
cordingly, and by elevating or deprefling the end of the 
lever, operates upon fomc part of the mill to redlify the caufe 
of the irregularity. In a fteam-engine, the lever ads upon a 
vane or door fltuated in the pafTage of the (learn from the 
boiler to the cylinder ; and if the mill lofes in velocity, from 
an increafe of refiftance, the balls fall together a little ; and 
the confequent fall of the. lever opens the door or throttle 
valve a Ijttle wider, and gives a (Ironger fupply of 'fleam to 
reftore the mill to its original velocity. On the other hand, 
if the mill accelerates, the balls open out and then clofe the 
vane, fo as to moderate the fupply of fleam. Sec a more 
full defeription of this under 

A water-whe^ is not fo eafily regulated by the governor, 
becaufe the (buttle of a large wheel requires a much greater 
force to raife or lower it, when the water is preffing againft 
it, than the lever, D, can at any time poiTeU ; it therefore 
becomes reauifite to introduce feme additional macluii^, 
which has lufficient power to move the (buttle, and this is 
thrown, in or out of adion, by the flying bal)t. The 
fimpleft contrivance, and that which we believe was the re- 
gulator firft ufed for a water-wheel, was ereded at a cotton 
mill a^ Belper, in DerbySnrci belonging to Mr. Strutt. 
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A fcj[ttare well, or large ciilern, was (ituated clofe by the 
water-wheel ; it had a pipe leading from the mill-dam into 
ity to admit water ; and another pipe from it to the mill-tail» 
to take the water away ; both were clofed at plcafure by 
cocks or (luices. Within the well was a large .floating cheft« 
very nearly filling up the fpace : it of courfe rofe and fell 
with the water in the cifiern> and had a communica^on by 
rack and wheel-work with the machinery for drawing the 
(huttle, fo that the rife and fall of the floating chell elevated 
and depreflea the (huttle of the wheel. The lever of the 
governor was conne 6 ted with the cocks in the two pipes, in 
fuch a manner that when the mill was going at its intended 
velocity, both of the cocks were (hut; but if the water- 
wheel went too flowly, the falling of the balls and defcent 
of their lever, D, opened the cock in the pipe of fupply, 
and, by letting water into the well, raifed the float,' and, with 
it, the fliuttle, to let more water upon the wheel, till it ac- 
quired fuch a velocity that the balls began to open out again, 
and thus (hut the cock : on the other hand, if the mill went 
too fad, the balls opened the pipe of exit from the well, and 
then the finking of the float clofed the (buttle till the true 
velocity was reuored. 

Since this firft application of the regulator to the water- 
wheel, the manner of its operation has been greatly varied ; 
and as the fame mechanifm is applicable to any kind of mill- 
work, we (hall give a flight (ketch of it. Suppofe A, 
fig* 33 » ^ receiving its motion from the mill by wheel- 
work ; it is provided with a pair of governors, aht a con- 
ftrudted like thofe before deferibed ; and at the lower part 
of the ^indle is a hcvilled wheel, R, turning two others, 
B and C, (ituated upon one fpindle, D, which goes away, 
and communicates motion to the racks of the (huttle ; the 
wheels, B and C« are neither of them fixed to the fpindle 
D, but both flip round freely upon it, turning in contrary 
diredions, as they receive motion from the oppoflte (ides of 
the wheel R, A locking clutch, 1/, is fitted upon the 
fpindle between thefe two wheels, B, C» and can, by moving 
it one way or the other, be made to lock either one of the 
wheels to the fpindle D, at the fame time that it leaves the 
other difengaged. The locking-box is moved by means of 
a lever, (hewn in fig, 34 ; the arm m, having a fork to em- 
brace a groove in the box ; the lever is fixed on a vertical 
axis II, which has at the upper end two other levers, Oytx 
thefe lay one on each fide of the vertical axis A, but at dif- 
ferent lights, as is evident from the figuit. The collar e, 
which is raifed up when the balls fly out, is fitted upon a 
fquare part of the fpindle A , and is formed like a fnail or 
camm, which will aft upon either of the levers, 0 or ac- 
cording to the height at which it hangs upon its fpindle. 
Now when the mill is going with its true velocity, this 
camm, r, is a£ fuch a height mat it is beneath one lever, p, 
and above the other, fo as to interfere with neither ; con- 
li^iiently the locking-box, remains detached : but on any 
alteration in the velocity of the mill and the Xxis A, the 
balls open or (hut, as before explained, and the camm, r, 
either rifes or falls, and then it preiTes againft one of the 
levers, 0 or p, and by pu(hing it away from the axis, it 
moves the lever «, and the locking-box 1/, up to one of tlie 
wheels, B or C, which it locks to the axis D, and turns it 
round in the dire^on of that wheel’s motion, by which it 
cither raifes or depreflea the water-wheel’s ihutrle, as is re- 
quired. This apparatus may, it is plain, be applied to any 
other kind of mui-work* 

Governors or flying-balls are ve^ frequently ufed in the 
wind-mills empbyed for grinding floor : the variable force 
of this firft moler renders fome fuch regulator neceflary, to 
tncreafe the refiftance, by allowing a greater feed of com, 
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when the mill moves too quickly, and thus in fome degree 
couiiterading the irregularity. If the mill moves too flowly, 
the balls tend to dtmini(h the feed, and at the fame. time 
they raife the upper (tone, to fet them at a greater diftance 
afunder, that they may require lefs power to drive them, 
and confequently fufler the mil!,. as nearly as it can, to re- 
tain its full velocity, though the motive force is greatly 
dimini(hed. This application of the governor was, we be- 
lieve, firft made by the ingenious captain Hooper of Mar- 
gate, who invented the horizontal wind-mill. (See Wind- 
Mill.) It is a very great advantage, and no wind-mill 
(hould be without them. Many wind-mills are provided 
with flying- balls, whichy by very ingenious mechanifm, 
clothe and unclothe the fails juft in proportion to the 
ftrength of the wind. 

In many mills it is of confequence to be able to deteft 
fmall variations in the velocity, and to afeertain the quantity 
of them ; for the governor only correds the irregmarities, 
without (hewing any fcale of them. In cafes where this is 
required, it may be done by a very ingenious inftrumenU 
invented by Mr. Bryan Donkin of Fort- Place, Bermondfey. 
He received a gold medal from the Society of Arts, Manu- 
factures, and Commerce,' in 1810, for this inftrument, which 
he calls a tachometer. 

A front view of this inftrument is reprefented in fig^ 25, 
and a fide view in fig. 26, of Plate II. X Y Z, Jg* 25, 
is the vertical feCtion of a wooden cup, made of box, which 
is drawn in elevation at X, fig. 26. The whiter parts of 
the feCtion, in ^g, 25, repreient what is folid, and the dark 
parts what is hollow. Tnis cup is filled with mercury up 
to the level L L, fig. Into the mercury is immerfed 
the lower part of the upnght glafs tube A B, which is filled 
with coloured fpirits of wine, and open at both ends, fo 
that fome of the mercury in the cup enters at the lower 
orifice, and, when every thing is at reft, fupports a long 
column of fpirits, as reprefented in the figure. The bot- 
tom of the cup is faftened by a ferew to a (hort vertical 
fpindle D, fo tlUt when the fpindle is whirled round, the 
cup (wbofe figure is a folid of revolution) revolves at the 
fame time round its axis, which coincides with that of the 
fpindle. 

In confequence of thia rotation, the mercury in the cup 
acquires a centrifugal force, by which its particles are 
thrown outwards, and that With greater intenfity, according 
as they are more diftant from the axis, and according as the 
angular velocity is grrater. Hence, on account of its 
fluidity, the mercury rifes higher and higher as it recedes 
from the axis^ and confequenUy finks in the middle of the 
cup I this elevation of the fides and depreflion in the middle 
increafing always with the velocity of rotation. Now the 
mercury in the tube, though it does not revolve with the 
cup, cannot continue higher than the mercury immediately 
furrounding it, nor indera fo high, on account of the fuper- 
incumbent column of fpirits. Thus the mercury in the tube 
will fink, and confequently the fpirits alfo ; but as that part 
of the tube which is within the cup is much wider than the 
part above it, the depreffion of the fpirits will be much 
greater than that of the mercury, being in the fame pro- 
portion in wluch the fquare of the larger diameter exceeds 
the fquare of the fmaller. 

Let us now fuppoiie, by means of a cord pafling round a 
fmall pulley F, and the wheel G or H, or in any other con- 
venient way, the fpindle, D, is conneded with the machine 
whofe velocity is to be afeertained. In forming this con- 
nedion, we muft be careful to arrange matters, fo that when 
the machine it moving at its quickeft ritCi the angular velocity 
of the cup (hall not be fo great as to deprafs the fpirits below. 
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C, into the wider part of the tube. We are alfo, as in the 
figure, to have a fcale of inches and tenths applied to A C, 
the upper and narrower part of the tube, the numeration 
being carried downwards from zero, which is to be placed 
at the point to which the column of fpirit rifes when the 
cup is at reft. 

Then the inftrument will be adjufted, if we mark on the 
fcale the point to which the column of fpirits is deprefted 
when the machine is moving with the velxity required. 
But, as in many cafes, and particularly in fteam-^ngines, 
there is a continued ofcillation of velocity ; in thofe cafes 
we have to note the two points between which the column 
ofctUatea during the moft advantageous movement of the 
machine. 

Here it is pro^r to obferve^ that the height of the 
column of fpirits will vary with the temperature, when other 
circumftances are the lame. On this account the fcale 
ought to be moveable, fo that, by flipping it upwards or 
downwards, the zero may be placed at the point which the 
column reaches when the cup is at reft, and thus the inftni* 
ment may beadjufted to the particular temperature with the 
utmoft facility, and with fuificient precifion. The eflential 
parts of the tachometer have now been mentioned, as well 
as the method of adjuftment ; but certain circumftances re- 
main to be ftated. 

The form of the cup is adapted to render a fmaller quan- 
tity of mercury fufficient than what mud have been employed 
either with a cylindrical or hemifpherical veflel. In every 
cafe two precautions are neceffary to be obferved. Firft, 
that when the cup is revolving with its greateft velocity, 
the mercury in the middle (hall not fink lo low as to allow 
any of the fpirits in the tube to efcape from the lower orifice ; 
and that the mercury, when moft diftant from the axis, 
fliould not be thrown out of the cup. Secondly, that when 
the cup is at reft, the mercury fhaJl rife fo high above the 
lower end of the tube that it may fupport a column of fpirits 
of the proper length. 

Now, in order that the quantity of mercury, confident 
with thefe conditions, may be reduced to its minimum, it is 
neceffary, firft, that if M M (Jtg, i.) is the level of the mer- 
cury at the axis when the cup is revolving with the ^rateft velo- 
city, the upper part M M X Y of the cup fhbuldlm of fuch a 
form as to have the fides covered only with a thin |ttm of the 
fluid; and fecondly, that, for the purpofe of raifing the 
fmall quantity of mercury to the level L JL, which mav fup- 
port a proper height of fpirits when the cup is at reft, the 
cavity of the cup fhould be, in a great meafure, occupied by 
the block K K, having a cylindrical perforation in the mid- 
dle of it for the immerfion of the tube, and leaving fuflicient 
room within and around it for the mercury to move freely, 
both along the fides of the tube and of the veffcl. 

The block, K K, is preferved in its proper pofition in the 
cup or veffcl X Y Z, by means of three narrow projeAing 
flips or ribs, placed at equal di dances around it, and is kept 
from rifing or floating on the mercury by two or three fmall 
iron or fteel pins inferted into the underfide of the cover, 
near the aperture through which the tube pafles. It would 
be extremely difficult, nor is it by any means important, to 
give to the cup the exa6t form which would reduce the quan- 
tity of mercury to its minimum ; but we (hall have a fuffi- 
cient approximation, which may be executed with great 
precifion, if the part of the cup above, M M, is made a para- 
bolic conoid, the vertex of the generating parabola being at 
that point of the axis to which tte mercury finks at its loweft 
depreflion, and the dimenfions of the parabola will be deter- 
mined in the following manner. Let V G (Jig- 27.) repre- 
fent the axis of the cup, and V the point to which the mer- 


cury finks at its lowed: depreffion : at any point, G, above 
V, draw G H perpendicular to V G ; let a be the number 
of revolutions which the cup is to perform in at its 
quickeft motion ; Ic; v be the number of inches which a 
body would deferibe uniformly in with the velocity ac- 
quired in falling from reft through a height =; to G V, 

and make G H = , Then the parabola to be deter- 

mined is that which has v for its vertex, V G for its axis, 
and G H for its ordinate : at G the cup has a lid 10 pre. 
vent the mercury from being thrown out of it, an event which 
would take place with a very moderate velocity of rotation, 
unlefs the fides were raifed to an inconvenient height ; but 
the lid, by obftfuding the elevation of the (ides of the cup, 
will diminiih the depreflion in the middle, and, confequently, 
the depreflion of fpirits in the tube : on this account, a 
cavity is formed in the block immediately above the level 
LL, where the mercury ftands when the cup is at reft, 
and thus a receptacle is given to the fluid which would 
otherwife difturb the centi^ugal force, and impair the fen- 
fibility of the inftrument. 

It will be obferved, that the lower orifice of the tube is 
twined upwards. By thefe means, after the tube has been 
filled with fpirits, by fuAion, and its upper orifice flopped 
with the finger, it may eafily be conveyed to the cup, and 
immerfed in the quickfilver, without any danger of the ipirita 
efcaping, a circumftance which otherwife it would be ex- 
tremely difficult to prevent, fmee no part of the tube can 
be made capillary, confiftently with that free paffiage to the 
fluids which is effcntially neceffary to the operation of the 
inftrument. 

We have next to attend to the method of putting the 
tachometer in motion, whenever we wifh to examine the velo- 
city of the machine. The pulley F, which is conftantly 
whirling during the motion of the machine, has no connec- 
tion whatever with the cup, fo long as the lever, Q R, is 
left to itfclf. But when this lever is raifed, the hollow 
cone T, which is attached to the pulley, and whirls along 
with it, is alfo raifed, and, embracing a folid cone on tte 
fpitidle of the cup, communicates the roUtion by friftion. 
When our obfervation is made, we have only to aUow the 
lever to drop by its own weight, and the two cones will be 
difengaged, and the cup remain at reft. 

The lever, Q R, is connefted, by a vertical rod, to another 
lever S, having at the extremity, S, a yalve, which, when 
the lever, Q R, is raifed, and the tachometer is in motion, is 
lifted up from the top of the tube, fo as to admit the ex- 
ternal air upon the depreflion of the fpirits. On the other 
hand, when the lever, Q R, falls, and the cup is at reft, the 
valve at S clofes the tube, and prevents the fpirits from 
being wafted by evaporation. 

It is, laftly, to be remarked, that both the fenfibility and 
the range of the inftrument may be infinitely incieafed; for, 
on the one hand, by enlarging the proportion between the 
diameters of the wide and narrow parts of the tube, we en- 
hm, in a much higher proportion, the extent of fcale cor-, 
refponding to any given variation of velocity ; and, on the 
other hand, by deepening the cup, fo at to admit, when it 
is at reft, a greater height of mercury above the lower end 
of the tube, we lengthen the column of fpiritt which the 
mercury can fupport, and, confeouenUy, enlarge the velo- 
city which, with any given fenfibility of the inftrument, is 
requifite to deprefs the fpirits to the bottom of the fcale. 
Hence the tachometer is capable of being employed in 
very delicate pbilofophical experimenU, more efpedally as 
a fcale imight be applied to h indicating equal increments of 
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vcbdtf . Bat« h the piefent acconst^ it it merdj intended 
to ftnte Iww it nujr be adwted to deteft, in machiner^Tf 
twtj deviation iirom the moft advantageoui movement. 
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MILLING) in the ManufaBoritif an operation called 
alfo fulling. 

Milling, or throwing of Jilk, » the laft preparation of 
filk before dyeing ; ferving to twill it) more or lefS) accord* 
ing to the work for which- it is intended. 

To prcrare the filk for milling, they firll put it in boiling 
water, inclofed between two linen cloths. The mill is a 
fquare machine, contpofed of fewral pieces of wood, mor* 
tiled in each other, fo as to form a kind of large cage, 
in the centre of which are two wheels placed paraUel 
over each other, whofe axis bears on- two polls. When 
the machine is fimple, a fingle man toms thefe wbeela 
by means of a little cog, in which they catch, and a large 
^ndler 

The wheels, put in motion by the ban&, commuakate 


tlieir motion to eight windles, or reels, or even more, ac< 
cording to the largenefs of the machine; on the flights or ' 
arms of which the filk is wound from of two rows of bob* 
bins placed on each fide of the machine ; each row at the 
height of one of the two wheels in the centre. Thefe bob«- 
bms have their motion by means of leathern thongs, which 
bear on little cylindets of wood that fupport them, and 
turn at length on the two wheels at the centre ( fo that the 
filk on each bobbin twifts as it wmdsj and forms its feparate 
Ikain. 

The fmaUeft wheel moves two .hundred of thefe bobbins, 
over which a Angle perfon is fufficient to infped, to put 
new bobbins or fpoils in lieu of thofe difeharged of their 
filk, and to knot the ends when they break. See WixsiMa 
nfSili, 
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Mike. This word is applied generally to atl works car- 
ried on under ground, but feems principally to belong to 
fuch as have for their obje(:t the difeovery and produ^ion of 
the metallic ores. 

The condruAion of the works in various mines differs ac- 
cording to circumffances, fuch as the form of the hills in 
which they are fituatcd, or the pofition of the ores, whether 
found in veins or beds. Some mines are formed by a level or 
drift entering the foo^ of a mountain, and extending to the 
depodts of metal within it, which may be taken away and 
carried out through this opening ; and in this cafe Jhafts are 
only required for the purpufee of ventilation. 

This feems »o be the fimpled date of mining, and is, as well 
as ^uch mines as have been formed by following ore from the 
furface to fuch depths as water would permit, to be ranked 
among the earlier efforts of this kind. 

The more extended operations of mining are to be found 
where regular metallic veins, dtuated in primirive rocks, are 
worked to great depths below the level of the fca, where per- 
pend icularjli&i^j, drained of the condantly accumulating wa- 
ter by^ngines, form the means of communication from the fur- 
face to kveh driven upon the Igdc or vein, at various and fuc- 
ceflive depths, fo as to open all parts of it for the difeovery 
of its contents. 

A mine thus condruAe^, of any confiderable extent, is 
one of the mod extraordinary indances of human eiiterprize, 
patience, and ingenuity ; efpeciaHy if it be confidered that 
its formation depends upon the application of two of the 
mod wonderful difcoveries on record, the expanfive forces of 
gunpowder and Ream. 

Mines in Cornwall and Devon are generally worked by a 
company of proprietors, called adventurers, who agree 
with the owner of the land, or lord of the foil, as he is 
ufualiy denominated, to work the mine for a ceitaia term 
of years, paying him, by way of rent, a proportion of the 
ores raifed, or an equivalent in money. The graat thus 
made to the adventurers is called a fet^ and the lord’s rent, if 
paid in ore, is called the (probably from the ancient 
pra 6 tice of meafuring it by a vclTel of that fort), and when 
fettled for in money, has the term dues applied to it. 

The adventurers divide their undertaking into (hares of 
diffw'rent magnitude, but ufualiy forming in the whole fome 
even and eafily divifiblc number. The fmalleft (hare ufualiy 
held by oneadv«*murer is one fixty -fourth part, though in 
fom#* large ndnes this (hare is divided, and a perfon may then 
have on y a one hundred rn I twenty-eighth part of the whole, 
white oi hi- rs may hold ♦’ighths, others fixteenths or thirty-fe- 
conds, and fo ne larger proportions, but the whole added 
together make up fixty-four (hares. Any part of the con- 
cern neld by one perfon is generally calh d a dole^ and dif- 
tingiiiflied as to 1*^9 relation to the whole by adjoining to this 
word the denomin ition of its value, as an eighth dole, a fix- 

teentrdole, &c. , r 

Miii-'S i \ Cornwall and Devon are ufualiy named as loon 
as U^*y are undertaken, and this pradlicc feems to have been 
of coiilider »ble antiqiii.y , as ihe word nvieal, or hwi ufualiy 
even now preliaed to theic appellationS|\a derived from the an- 
cient Comifh language, and fignifies a worker mine. The other 
parts of the names of mines oftci relate to the fituation, or have 
been given in co npliment to (omc perfon connected with 
them, or adopted according to the fancy of the adven- 
turers. Thus Wheal Rofe is probably derived from the 


Cornilh word rw, a valley, and means therefore the mine in 
the valley; Wlual Godolphin has the nanie of a family ; and 
amon>< the atbiirary appellations which are the moft numer- 
ous, may be inftanced Wheal Unity, Wheal Virgin, Wheal 
Jewel, 8cc. 

The Beundsf or limits of the fet of a. mine, are ufualiy 
marked out upon the furface and include the (pace of ground 
in which any company of adventurers have contrsidted for 
the right working. Bounds for working tin are rccO;^ nized 
by the ftannary laws of Devon and Cornwall, as a property 
in themfelves diffin^ from the po(r»*(fi- n of the foil, and 
were probably originally granted to encourage the fearch for 
this metal by the laws of the duchy, that the revenue of the 
chief lord might not fuffer by the unwillingnefs of the pof- 
feffor of the (oil to have its furface diiiurbed. Tin bounds 
that have been legally renewed, or poireHion retained, are 
even now in \hetr original Hate in this rcipedl ; hut copper 
mines, and alfo many tin mines, are now generally held of the 
poffeflTor of the fee. 

Mines are generally condudled in Cornwall and Devon by 
a manager appointed by the adventurers, who hold meetings 
at the counting-houfe to revife and pafs the accounis, and to 
debate and determine on all fubjefts relative to the profecu- 
tion of the works fubmitted to them. 

Under the principal agent others are appointed, who are 
practical miners, and who fuperintend the various operations 
and fettle the terms of the contradf s with the workmen, which 
are made by a kind of public audion. Thcfe agents are 
called captainsy and the number employed in a mine is in 
proportion to its extent and importance. Some attend princi- 
pally to the works below, and are therefore called under^ 
ground captains; others take charge of the operations on 
the furface, and are therefore d.ftinguilhed by the appella- 
tion of grafs captains. Ir would be injuftice to this iileful 
and refpcdable body of men to pafs them over without no- 
ticing the intelligence, adiviry, and (kill by which the agents 
of the mines in the diffrids alluded to are diffinguifhed. 

The ellabliniment of a mine further includes occafionally 
an engineer, a head carpenter and Tmich, who have each 
their workmen under their care ; a pitman^ v. ho direds the 
fixing and repair of the pump-work ; a timherman or hinder^ 
who fuperintends the con il ruction of the woodwork under 
ground, for fecuring the (hafts, ladders, ievels, and fo on 5 
and befides thefe operative men, there are ufualiy clerks to 
keep the accounts, and perfons to receive and deliver to the 
workmen the materials ufed in their operations. 

The miners working under ground are divided into two 
claffes, according to the mode by which they are paid. Thofe 
of thefiril clafs are called trihutersy who workv>n the productive 
parts of the miiie, and receive a proportion of the ore which 
they procure and make merchantable, for their labour. I'his 
modeof payment, by its occafionally leading 10 unufual profit, 
ftimulates to ^reat exertion in the difeoverv of fre(h depofits 
of ore, and is therefore conducive to the intereils of the 
employer as well as the workman. To the reward thua 
held out to (kill and intelligence, may probably be attri- 
buted the prevalence of thefe qualities, which may be t.b- 
ferved more particularly in this dais of Corniih miners* 
The other workmeu employed under ground are denominatt^ 
tutnoork->meny who agree for finking Ihafis, driving levek, 
and fo on, at a certain price/er fathom. Thefe prices are ex- 
ceedingly various, as the rock to be penetrated differs in de- 
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grees of hardneft, or the nature of the work expofes the 
men to more or lefs dauger or inconvenience from water or 
bad air 

The people emplojrrd on the furfcce in drelfingthe ore*, 
generally perform their labour bytalk-work, the amounts 
being charged to the account of the tnbuters> whofe ore is 
undergoing this procefs. 

The copper ores, when ready for fale, are fampled by 
agents of tlie fmelling companies, who vifit the mines for 
that purpofe, and are fold on a hxed day by a public fale, 
called a ticiet'mg, a id afterwards weighed and carried to a 
port and Ihippedto Wales, where the copper fmeltjng boufes 
in general are. Tin ores are fmeltcd in Cornwall, and are 
fold by the miner to the owners of the fmelting houfes by 
private contrail, valuing them br an aifay made by the 
buyer. In this refped the value of tin ores is determined by 
a mode much more uncertain and irregular than that em* 
ployed for copper, theaSTay of which is conducted with ex> 
tremecare, and wonderful accuracy. 

The extent of the returns and colls of the mines in Corn* 
wall and Devon, both colleClively and feparately, may be 
feen by referring to the hiilory of mining in this dillriel, 
whc'e the tables of the ftate of thefc concerns exhibit a 
very interefting pifturc of the gr* at increafe of thefe ex- 
tenfivc undertakings. See Miniko, of. 

The king by his prerogative hath a>l mines of gold and 
filver to malte money ; and therefore thofe mines, which are 
properly royal, and to which the k ng is entitled when found, 
are only thofeof filver and gold, (a Inti. 577 ) By the old 
common law, if gold or filver be found in mines of bafe 
metal, according to the opinion of fome, the whole was a 
royal mine, and belonged to the king ; though others fay 
that this was only the cafe, when the quanti'y of gold or 
filver was of greater value than the quantity of bafe metal. 
(Plo« d. 336. ) But by ttatutc no mines of copper, tin, ii on, 
or lead, (hall be adjudged royal mines, though gold or filver be 
extracted. ( i W. and M. c. 30. ) And perfons having mines 
of copper, tin, lead, jcc. mall enjoy die fame, although 
claimed to be royal mines ; but the king, or perfons claiming 
royal mines under his authority, may nave the ore (except 
tin-ore in Devon and Cornwall) paying to the owners of the 
nines, within thirty days after it (hall be railed, and before 
removed, iSl.per ton for copper-ore walhed, and made mer- 
chantable ; for lead-ore 9/. per ton ; tin or iron, 401. &c. 
(Stat. 3 W, & M. c. 6.) If any perfon malicioufly fet on 
fire any mine, or pit of coal, he (hall be guilty of felony, 
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without benefit of clergy, by Hat. 10 Geo. II. c. 33. If 
any perfon (hall wilfully or malicioufly fet lire to, burn, de* 
snoltlh, pull down, or otherwife dellroy or damage any fire* 
engine, or other engine ereCled for draining water from coal 
mines, or for drawing coals out ef the fanie } or for draining 
water from any mine of lead, tin, copper, or other mineral, 
or any bridge, waggon*way, or trunk ereCled for conveying 
coala from any com mine, or ftaith for denofiting the fame ; 
or any bridge, or waggon*way errCled for conveying lead, 
tin, copper, or any other mineral, from fuch mine, or caufe 
the fame to be dune, he (hall be guilty of feloily, and tran- 
(ported for fevea years. (9 Geo. III. c. 39. ) Provided that 
no perfon be profecuted under this ad b yond 18 months 
after the offence committed. By 39 & 40 Geo. III. c. 77, 
4eftroying or damaging minei or roads leading to or from 
the f ime, fee. incurs tk guilt of mifdemeanor, and any one 
pel ion fo offending may, on conviction, beimpnfoued for 
any time not exeming fix months. Colliers and miners 
working in a manner contrary to their agreement, or not ful* 
filling their contrails, (hall, on conviaon, forfeit not ex* 
ceediing 4or, and on non-payment be impnfoned for aitime 
not exceeding fix months, nr un'il the penalty and coffs fliall 
be paid. Stealing ore out of mines is no larceny, except 
only thofe of l,lack.lead, the llcaling ore nut of nhiih is 
felony, punilhable with imprifnnment and whipping, or 
tranfportation not exceeding feten years, and efcapmg fiom 
fuch imprifonment, or rcti'i'ning from tranfportation is felony, 
without benefit of tlergy. by 25 Geo II c, lo. 

MiNB-oi/tvn/vrrrj, Company of had its lirft rife about the 
year 1690, when certain mines of lead and copper were 
found in South Wales, which were divided by 'he proprietori 
into twenty.foiir (harev j and in 1693 fub-divided into four 
thoufand and eight (hares, for the term of twenty-two years 
and a half ; to which term live years more were added in 
1698,, and the affairs of the company regulated by a new 
conftitution. In 1 704, queen Anne granted a charter of in- 
corporation to this umpany ; in confequence of which feveral 
new (hares were added, fo that the whole number amounted 
to fix thoiifand and twelve. However, the interefts of this 
corporation were fo ill managed, that the proprietors and cre- 
ditors petitioned parliament in 1710, and a committee of the 
houfe of commons was appointed to enquire into its ftate. 
The refult of the enquiry was a cenfure on the principal ma- 
nagers; and though, in i7ii,alawwaspa(fedforthebetter 
regulation of the company, and the relief of the creditors and 
proprietor.'!, nothing could preferve it from finking. 




MINING. Jfjfiory of. To trace this fubjea Ujj to its 
earlicft llages, and to exhibit the various combiilatk>ns of 
human ingenuity which it has in fucceflive period* produwd, 
though an inquiry which might afford matter for curious 
fpecuiationi would be one which, if we were to take into 
the view the progrefs of mining in all the different countries 
where metals have been found, would extend the fubjeft to 
a length hardly admiffible in any work not wholly devoted to 

this objed. , . , . 

From the fimpleft operations, mankind have been gra. 
dually led, by following the purfuit of the metals, to efforts 
the moft complex and aftonifhinc'. At firft it may be af» 
fumed, not only from the probability of the thing, but from 
evidence which even this country affords, in the remains of 
ancient works of this kind, that metals were procured from 
detached fragments of the ores, futh as had been feparated 
by various caufes from the upper parts of the veins in wluch 
they were originally depofited : and in this manner is gold 
yet procured, by walhing the fands of certain rivers { and 
tin even now fought after, under beds of gravel, in the vaUies 
of Cornwall and Devon. „ 

The purfuit of fcattered pieces of ore naturally would 
condua the perfons, who were thus employed, to the beA 
from which they had been detached ; and in turning over the 


foil to procure the loofe fragments, the backs of the veins 
would be laid open and difeovered. This is a procefs which 
is even now daily going on in mining diflrias, only with a 
differm objed : for having found an accidental Hone of ore, 
the miner does not now dig over the earth on the furface, 
for the fake of thefe cafud depohti ; but reafoning from 
their appearance that a vein is near at hand, goes at once 
to work in order to And it. 

If we allow that this account of the origin of miaing be 
true, it ought to follow that thofe metals were moft an* 
ciently worked, whofe ores arc moff attradivefin their ap> 
pearance, moft eafily redqeed into a metallic ftate, or fuch 
as are moft ufually found near the furface of the earth. As 
far as the Engliih mines afford us the means of judging, all 
this may be affnrted to be true. The tin of Cornwall was 
undoubtedly the ftrft metal fought after in Britain, and pro* 
bably the (irft article of commerce with other nations j and 
the ores of tin, from their g>cat weight, indicate their me* 
tallic contents, and yield them to the fimpleft treatment with 
ftrei and are ftill found at inconfidcrable depths. It may 
alfo be obferved, that the traces of the mod ancient tin 
works exhibit no fymptoms of their having been purfued, 
but in fituations where the foil, with which it was mixed, 
could, be eafily and expeditkiully removed} or where it 
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^ttld be walhed away by Hreami of watert conduftcd ow 
it for the purpofei and which, by carrying off the lighter 
partf of the foil, laid bare the ores, which are kept from 
moving by their fuperior fpecihc gravity. 

This latter was an ingenious improvement upon the firft 
ruder efforts, and is ftill the mode employed in many of the 
tin ftream works ; while there are numerous traces of thefe 
attempts accompanied with circumftanccs, which prove them 
of very confiderable antiquity. 

Lead is another metal, which not only is often found near 
-the furface, but the ores exhibit to the eye the appearance 
of metal, and in general yield their contents to the heat of a 
moderate fire. This metal, therefore, was probably an ob- 
je6t of purfuit in the early ages of miBing. 

Copper, on the other hand, i<i feldom found without 
penetrating the earth to confiderable depths ; and the pro- 
portion of metal of the ores is fo imall, that a certain 

progrefs in the arts of mining and fmeiting muft be pre- 
fumed to have been made, beiore it could have become an 
objed of refearch. We believe this to have been the faft in 
moft countries, as well as in this, where copper was cer- 
tainly difeovered by working mines in purfuit of tin or 
lead. 

From the proceffes for finding and feparacing metallic ores 
from alluvial matter in which tliey were cafually mixed, the 
next ftep was to procure them by digging out the veins them- 
felves, and following them into the folid rocks in which they 
are formed. At firit this could only have been done, where, 
by the elevation of-the mountains, it was poflible to work 
high enough for the waters to difeharge themfelvcs by con- 
duits or adits from the works ; and where the rock was not 
fo hard but to yield to tools rudely formed, or perhaps to the 
agency of fire, which would, however, produce but a li- 
mited efre£l in mod cafes. 

It was not until machines were applied to pump the wa- 
ters, that the metals could be followed to any confiderable 
depth, and not until gunpowder had furnifiiea the means of 
fplitting the hardeit rock, that man was enabled to penetrate 
ftrata of every defeription that oppofed his progrefs. 

Thefe inventions, therefore, form mod important epochs 
in the hidory of mining ; tor, fince mankind have called in 
the aflid nice of fuch powerful agents, neither the influx of 
condantly flowing water, nor the barriers which the mod in- 
durated rock can prefent, are obflacles in the way of the 
miner, where rich and produdlivc veins of ore tempt the 
purfuit. 

The fird important era was the period in which tlie ap- 
plication of gunpowder to the purpolcs of mining took place, 
which happened in Hungary, or Germany, about the year 
1620, and was fird introduced into England at the copper- 
mine at £6lon, in, Staffordihire, about the year 1 670, by 
fome German miners brought over by prince Rupert. It 
was in ufe in Somerfetfiiire about 1684, and it was not until 
after this period, probably, that the Comifh miners became 
acquainte4 with this powerful aflidant to their operations. 

Its importance may be judged of by the amount of the 
prefent confumption in the mines of Cornwall alone, which 
has been calculated at an annual value of about forty thou- 
fand pounds derling. 

There are many mines which could not poffibly have been 
4Vorked without the aid of gunpowder, and, until it was 
died, fubterranean operations mud have been difficult and 
very uncertain. The hammer and wedges were probably the 
fird inftruments enmloyed for fplitting rocks, andthe//rii 
followed, which is ufed both as a hammer and a wedgf . The 
ebiBjK of form in thefe inftruments obferved in thofe which 
tmnpeea found in old worlu, as well as the materials of 
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which they are fometimes made, offer evidence of confidmUe 
antiquity. 

Many tools of oak have been occafionally met with, which 
tradition among the Comifh tinners make to have belonged 
to the Saxons or Danes, but it is probable that they were 
employed before the time of their having a footing in the 
country, and moft likely when iron was little known here. 

Wedges of dry wood were made ufe of by driving them 
into clefts of the rock, and then wetting them, fo as to 
caufe them to fwell, and thus by repeated fimikr inferttona 
to force the ground afunder. 

Agricola deferibes the application of fire to the fplitting 
of rocks, but there is no tradition of its having been applied 
to this purpofe in England. 

The means employed for raifing or throwing up the ores- 
and wafte fluff to the furface, were at firft as rude as the 
other operations of mining. The wtndlafs and bucket may 
be reckoned an improvement which took place in a later ftage 
of mining, as Ample a one as it certainly is, and now in a 
great meafure fuperfeded by more effective machinery. It 
was, however, at the time an important addition to the ap- 
paratus of mines, as water as well as ore could thus be ratfed 
to moderate heights ; and by the employment of much ma- 
nual labour with a number of fuch machines, even confider- 
ablc excavations were kept free from water, and had their 
produce lifted to the furface. 

Tlie windla(‘s« probably, like moft of the early improve- 
ments in mining, had its origin in Germany, and before it 
was introduced here from that country, the mode adopted 
for throwing up the fluff dug in the bottom cf the deeper 
pits, was by making fucceffive fteps, or ftages, which were 
called in Cornwall Jhammels ; upon each of which men 
were placed, who raifed the excavated matter from one to 
the other, until it thus reached the highell point. 

In South America the windlafs is even yet hardly known, 
and the ores are either carried up by the Indians employed in 
the mines, or, where the fituation admits of floping roads 
being made to the bottoms, arc conveyed to the furface on 
the backs of mules. 

When mines were worked deep, the labour of raifing the 
water which was conftantly collefting, became too great 
for mere manual exertion, and hydraulic machines were in- 
vented or employed for tlie purpofe. Pumps were adapted 
to the fhafts, and their conftant adion fecured by giving 
motion to their piflons by wheels turned by defeending 
ftreams of water. Where fupplies of this agent can be ob- 
tained, and the form of the country admits of its application 
with confiderable falls, nothing better can he defirca, as it is 
a more regular power than fteam, and infinitely lefsexpen- 
fivc ; it has, therefore, continued in ufe to the prefent day, 
where circumflances admit of its being applied. 

The German miners feem in all probability to have had 
the merit of tliefe inventions, as they appear to have been 
completely in ufe among them when Agricola wrote, who 
fully deferibes their con itrudtion and application. 

But though Germany may fairly claim the invention of 
thefe engines for this purpoie, yet nothing more has been 
done there ; but, on the contrary, they are faid to remain 
now there in nearly the fame ft ate as at their original intro- 
duction. The Enghfh miner has improved the pump-work 
and the water-engines to their prefent high ftate of perfec- 
tion in this country. 

It is in fome degree owing to necefiity that this has been 
the cafe, as there are Angle mines in England which require 
that as much water be difcharged from them, as the pumps 
of a whole province of German mines could cffeA. There 
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i8y indeed^ no need to prove the capacity of !Englilh artifta 
for mechanical improvement. 

Hydraulic machines, however, as they require falls of 
water to put them into motion, can only be crefled where 
the circumilances of a country afford the means of working 
them ; and if nothing further had bibn done, many of our 
inoft valuable mines in Cornwall, not to mention our col- 
lieries and lead mines, would have remained unexplored and 
unprodudtive. The invention of the Jieam-^ngtne gave to the 
miner a power capable of univerfal application, and of an 
effe^ that added, as it were, new regions of fubterranean 
country to his controul. Depths hitherto unattainable are 
now placed at his command, and no limit can be afligned to 
his exertion, but that of the expence compared with the va- 
lue of the produce. 

The hiftory of tlie fteam-engine will be a fubjt a for an- 
other place ; but we may here obferve, that the invention 
very early excited the attention of the mine owners of Corn- 
wall, w'ho fucceffively adopted and encouraged the improve- 
ments of Savary, Newcomen, and Watt. 

In this diitri6l fome of the earlied; efforts of thefe ingeni- 
ous men were feconded and rewarded, and in return the 
mines have gained fuch ailillance as couid not have been for- 
merly anticipated or imagined. 

The general hiftory of mining in England has never been 
very accurately traced ; the diftri£lB famous for their mi- 
neral produdU have no communication with each other on this 
account, and have no common mineral laws or cuftoms. 

In other countries mining has been foftered and protedfed 
by the ftatc, immunities have been granted, the workmen 
have been furrotinded by particular privileges, and their ope- 
rations encouraged by grants of timber from royal forefts, 
or the free ufe of lands and w^aters. Thus peculiar fyftems 
of laws have often arifen where the mines were important as 
a foutce of revenue to|the ftate. Something of this fort is 
indeed to be traced in the ftannary laws of Cornwall ; thefe 
laws, however, are not operative in the other mining diftridla 
England, but are confined to the counties of Devon and 
Cornwall, which are both included in the royal duchy which 
bears the name of the latter. Here the ftannary laws ftill 
exifting, now afford the miner but fcanty afliftance, though 
they effedfually provide for the fecure payment of the mineral 
revenue to the duke of Cornwall. To this objedti and to the 
adjufting difputcs touching the affairs of tin mines, the pre- 
fent adminift ration of thefe laws may be faid to be diredfed. 
The protection to the perfon of the tinner, as to military fer- 
vice and proceffea from other courts, has been gradually 
removed, and the rights of embounding lands for his pur- 
fuits, and of obtaining water-courfes for his engines, have 
been queftioned, and, in fome cafes, rendered doubtful. It 
cannot, perhaps, be contended that thefe laws could now be 
cxercifed in their former conftrudlion in the prefent ftate of 
property ; but a reviflon, accommodating them to the fair 
wants of the miner, without prejudice to the land owner, 
would be attended with much benefit to the mining inlereft* 

The copper-mines, being altogether of later date than 
thnfe of tin, partake of none of the advantages which the 
ftannary laws afford, and are therefore governed more by 
cuftom than any thing elfe ; an extenlion of the privileges 
of the till mines to thefe, and a legal provifion for the pecu- 
liar arrangements which fuch undertakings require, would 
remove many ferious obftaclcs to their prolecution. 

Mining ip England had a very early origin, compared 
with the progrefs of other arts in the country ; it was in all 
probability the firft fourcc of trade to thefe iflands, and the 
tin of Britain was known in diftant parts of the world at a 
very remote period. It is generally believed that the Phoe- 
nicians were the nation principally engaged in trading W 
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Britain for this metal. Tin works were carried on before 
iron was in ufe in England, is may be prefumed from the 
tools of oak which have been found in ancient mines. Cicero 
affirmed that no filver was to be found in Britain, and 
though it has fince been proved that he was wrong in that 
refpe6i, yet the notice taken of the Iubje6I ferves to (hew 
that the metals of the country were the principal temptation 
to the Roman conquerors. 

The Saxons neglected the purfuit of the metals, but 
the Normans appear to have worked for them to advantage, 
and from this time, until the reign of king John, tfie 
mines were moftly in the hands of Jews, when they are 
faid not to havfe been fuccersful, but in the reign cn- 
fuing they were worked by the fame people with more 
effed. Edward I. caufed the Jews to be banifhed, and the 
mines were, in confequence, negle^ed, until Edmund, the 
elder fon of that king, and earl of Cornwall, willing to 
reftore what had produced fo large a proportion of the re 
'venues of his domain, made grants important to the miner, 
which were confirmed by the king, by a charter in the 33d 
year of his reign ; which ftates that 

<< For the advancement of the ftannaries, he frees the 
tinners from all pleas of the natives touching tlie court, and 
from anfwcring before any juftices, &c. fave only the keeper 
of the ftannanes ; (pleas of land, life, and member excepted) 
neither are they to be kept from work but by the faid keeper.” 
And it further indemnifies them from tolls, &c., gives 
them libertie to dig tin and turf any where in the faid countie, 
and to turn water-courfes for their works at pleafure ; witk 
many other privileges.” 

It is from this time that the ena£lment of laws for the 
government of the ftannaries may principally be dated. 

Power to fearch for other metals befides tin was granted 
to individuals immediately from the crown, and we find that 
various perfons held the right of fearching for mines in the 
reigns of Edward III. Richard II. Hen. IV. and Hen. VI. 
In fome of thefe grants, gold, filver, and copper are men- 
tioned as well as lead. 

The privileges of the tinners were not interfered with by 
any queftion relating to thefe metals, nor, on the other hand, 
did the jurifdi£tion of the ftannaries extend to affaira con-, 
nested with them. 

Thus we find an appeal to the exchequer in the reign of 
Henry VI. relative to lead mines. From the recorder Eqfier 
term^ anno 36. Regni. Devon Memoranda ‘‘That John Bott- 
wright, governor of the mines of Bury Ferrers in Devon, 
conmlains to this court that Robert Glover, at the command 
of Koger Champernown, took away 144 bouls of glance 
oar, valued at 1 cr dr. %d. and made profit of the fame with- 
out any thing allowed to the king, to the king^s damage of 
\ooL and thereupon defireth the advice of the court.” 

The mines continued to be protc£ted by the crown, and 
particularly by Henry VII., until Edward VI., when they 
were neglcded ; and fell into complete decay during the dif- 
aftrous government of Mary. 

When Elizabeth fucceeded to the crown, the mines of the 
kingdom partook of the attention which this enterprifing 
queen beftuwed on every obje£f from which an increafe to the 
refources, or an addition to the ftrength pf her government, 
might be derived. 

The failure of the mines had dimiiiifhed the number, and 
annihilated the fkill, of the Englifii miners ; the queen there- 
fore invited over Germans, and made extenfive grants in dif- 
ferent parts of England to Houghfetter and Thurland, and 
likewim others to William Humphreys and Chriftopher 
Shutz. She alfo eftablifhed, in 156B, a corporation, wmeU 
ftill cxilfts, called **The Society for the Mines Roy^** which 
had certain grants and privile|^es in feveral counties, and of 
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which WiUianii earl of Pembroke» was the flrft ^vemor. 
It does not appear that this fociety* which was ongiodly a 
mining company^ though now engag^ in fmelting ores only* 
produced any important effeA upon the difcovery of metals 
in England ; the tin mines of Cornwall were not worked by 
themy out remained in the hands of private adventurerSy under 
the jurifdidlion of the ftannaries, and increafed in produce 
and value in projportion to the demand for this metal. The 
whole amount or tin annually raifed is Devon and Comwally 
in the following reigns of James 1. and CharleSy was from 
fourteen hundm to fixteen hundred tons. It is probable 
that the civil wars which fucceedcd injured the workings of 
the, mines, as in the reim of Charles fl. it appears from a 
note of Mr. Sea wen, of Molinek, who was vice warden of 
the ftannariesy and quoted by Dr. Pryce, that the tin re- 
venues were very fmall. 

In the reigns of Anne and George I. the produce of tin 
had again become confiderable, and amounted, one year with 
another, to fomething more than fixteen hundred tons ; fo 
that in the fpace of i lo years its mean proportion was equal 
to fifteen hundred tons per annum. 

Since the foregoing time a gradual increafe took place in 
the enfuing thirty years ; for in the year 1742 a propofal 
was made bv the Mines Royal Company in London to raife 
one hundred and forty thouiand pounds to encourage the tin 
trade by farming that commodity for feven years at a certain 
price. A committee of Comim gentlemen were appointed 
to confider of the propofal 5 and they reported, ** That the 
quantity of tin raifed yearly in Cornwall, at an average for 
many years lafl pad, hath been about two thoufand one hun- 
dred tons and refi^ved, ** That three pounds nine (hillings 
for grain tin^ and three pounds five (hillings prr hundred 
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weight for common tin, are the low^ft prices for which fuch 
tin will be fold to the contradtors, exclufive .of all coinage 
duties and fees.*’. 

The produce of the tin mines was much more confiderable 
afterwards, and from 1760 to 1780 it was reckoned at about 
two thoufand eight hundred tons a-year, which was worth the 
annual fum of about 180,000/. 

Copper began to be worked in Cornwall in the beginning 
of the 1 8th century, and the amount had attained at the pe- 
riod juft quoted to about the fame annual fum of i8o,oc^« 
making the mineral returns of this diftri6l at this period, ofo* 
about 1780, to be of the yearly value of 360,000/. 

The tin mines have not been fo important to the Cornilh 
miners fince the difcovery of copper as they were before, the 
produce of the latter having increafed moft rapidlr, while the 
former have not made any proportional progrefs. As the 
fubjedl is very interefting in eftimating the power of this coun- 
try to fupply raw materials for its numerous manufadures, 
wc (hall give ftatements of theproduce and other particulars 
of the tin and copper mines of Cornwall and Devon, from 
the early part of the laft century to the prefent time. 

We (hall firft ftate the produce of the tin mines, and after- 
wards give a more detailed account of the effect of the dif- 
covery of copper on the mining intcreft as well as the trade 
of the country. 

The chief part of the tin in the following ftatement was 

f reduced from the mines of Cornwall alone, as although 
)evon had anciently yielded a large proportion of tin, 
yet before this period the mines, or rather the dream works 
of the latter county bad become exhaufted, and were inca- 
pable of producing any notable proportion of ore. 


Account of the Quantity and Value of Tin raifed in Cornwall and Devon, from 1700 io 1800. 


Dates. 

Number of 
Blocks 

6^ to a Ton. 

Nuihber 

of 

Tons. 

Price per 
Ton. 

Periods. 

Annual 
Quantity 
in Tons. 

Annual Value. 

1700 to 1720 

208,000 

32,000 

£. 

S. 

d. 

20 years 

1600 

£. 

s. 

d. 

1720 to 1740 

273*000 

42,000 

66 

0 

0 

20 years 

2100 

138,600 

0 

0 

1740 to 1750 

162,500 

25,000 

6s 

0 

0 

10 years 

2500 

163,500 

0 

0 

17^0 to 1760 

173,779 

26,580 


7 

6 

10 years 

2658 

168,450 

*5 

0 

.1760 to 1770 

1 177.302 

27,277 

66 

6 

8 

10 years 

2728 

180,957 

6 

8 

1770 to 1780 

*78.737 

27.498 

60 

2 

0 

10 years 

2750 

165,275 

0 

0 

1780 to 1790 

192,295 

29083 

68 

2 

0 

10 years 

2958 

201,439 

8 

0 

1790 to 180a 

210,93s 

32^50 

73 

1 

0 

10 years 

3*45 

227,047 

2 

6 


From this tabk we may obferve a regular increafe in the 
quantities raifed, the improvements in mining which took 
place having contributed, without doubt, to produce this 
effe^« The price of the metal did not advance in propor- 
tion to the increafe of the charges on labour, and the en- 
hanced value of the articles ufed m the mines, and therefore 
we cannot account for the greater produce from increafed de- 
mand, but from the power derived by improved means of 
working, and thus of bringing the metal to market at a 
cheaper rate. About the year 1770 the quantity raifed ap- 
pears to have been greater than the demand required, and 
the price feems to have been lower than at any former period, 
which wu probably likewife afiefted by the war, and by the in- 
flux of titt imported into Europe by the Dutch from their pof- 
feffiont in the Eaft Indies, where it is raifed as well as in Eng- 
lattd« The advance in price that followed in the next period, 
may be attributed to the revival of trade, in confequence of the 


peace which followed the American war, but this again pro- 
duced an over quantity in the market, followed by a depref- 
fion in value, very injurious to the miners, which was feverely 
felt about 1789, when, by the exertions of Mr. G. Unwin, an 
export of tin to China, through the Eaft India company, took 
place, that abforbed the fur^iis which the European market 
did not require, and thus the price advanced again to a rate 
higher than any preceding one. 'fhis export to India has con- 
tinued ever fince, and may probably increafe notwithftanding 
that tin is found in fome confiderable quantity in Afia. 

From i8cx> to the prefent time the tin mines of Cornwall 
have rather declined, and are probably gradually exhaufting, 
this metal not being found to penetrate fo far into the earm 
as copper, and therefore but few mines have been found to 
continue produdive at very confiderable depths. 

Any decline that may have taken place m the tin mines of 
ComwaU has, however, been more than compen&ted by the 
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ramd adva^s which the copper mines have made in that 
and the neighbounng diftrid^ which of late years have been 
fo g^t as to render them of the highea confideration, and 
to pve thefe concerns the precedence over dl fimilar under, 
taking of any country. For whether we confider the 
quantity of their produce, the immenfe capitals inveded, 
the power and number of their engines, the ikill with which 
they* are coiidu6ied» or the fpirited and rapid execution of 
the works, they will probably be found to take the rank 
here arngned to them. 

Cornwall poffefles many eminent advantages as a mining 
country, of which its maritime fituatibn is among the moft 
important, but another is that it is peopled by a race of men 
peculiarly htted for this employment. The Cornifti miners 
unite great courage to perfonal ttrength and aftivity, while 
we may obferve in their charader intelligence mixed with 
perfevering enterprise, and patience of fatigue with a con- 
liderable independence of fpirit. 

There is no doubt but that the fyaem of management 
adopted in the mines, which long ufage has matured into a 
fyftem as beneficial to the mine owners as flimulating to the 
exertions of the workmen, has tended much to render the 
latter what they now are, though their infulated fituation 
has likewife probably preferved to them much of their ori- 
ginal charafter as a people. 

With fuch advantages, and with a fuflicient quantity of 
the metallic ores diftributed throughout it, a diflriA only 
requires capitalifts of fufficient wealth, intelligence, and 
enterprize, to render it of confequence as a mining country, 
and it has happened to Cornwall to have gentlemen pof- 
fefled of all thefe requiiites. 

The ftatements which follow will fhew how the difeovery 
of a valuable metal has been followed up, and an intimate 
acquaintance with the Cornifh mines would prove how great 
the exertions muft have been, to have produced effe^s in a 
fhort time which the labour of ages in other countries have 
fcarcely equalled. 

We nave before obferved that copper began to be fought 
after in Cornwall about the beginning of the eighteenth 
century, and, as might be expelled, we have no exadt ac- 
counts of the fuccels of the undertakings for its porfuit in 
their earlieft ffage. In a few years, however, the quantity 
produced had attained to a confiderable amount, and we 
ihall be enabled to trace pretty accurately the progrefs after- 
wards made. 

The fir ft document on the fubje6l is the following ; 
Statement of the Returns of Copper Ores in Cornwall, 
from 1726 to 1775. 


Years. 

Tons of Ore. 

Avpraji;c 
IVice per 
Ton. 

Amount. 

Aruntal Quant ity 
of Rnc Copper. 

1726! 
to t 

^735 J 

64,80® 

£ t. d. 

7 *5 

£ 

473.500 

(Probably) 

700 Tons. 

17367 

* 74 ^J 

75,520 

786 

560,106 

830 

17467 

98,790 

00 

0 

' 73*457 

1080 

I7|6| 

1765 J 

169,699 

766 

1,243,045 

1800 

17667 

^7753 

264,273 

6 14 6 

>.778.337 

2650 
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This account is taken from Pryce’a ** Mineralo|^a Cor* 
nubienfis,’* excepting the laft column of the quantities of 
flMtal produced from the ores, which it was defiraUe to ex* 
hibit, in order to compare the increafe of late years, of whichr 
the quantity of Jjne copper is the only true criterion, 
ores often differing materially in their metallic content. 
The ftatement is, however, given as refpedts this part of it 
only as a near approach to the truth, as we have no certain 
data to calculate from ; the affay and price of copper, by 
which the value paid to the miner was determined, being in 
a great part of the period above quoted not eafily alcer- 
tained. The amount of metal :s, however, calculated from 
the moft probable fuppofition. 

From the table we fee, that in Cornwall the produce of 
copper increafed in fifty years from about 700 tons of fine 
metal per annum to 2650 tons. 

Copper mines were not attended to in England much be* 
fore the dates in the preceding table, the difeovery of this 
metal probably having taken place in working the tin mines, 
which had been wrought time immemorial. Soon after that 
difeovery, in 1691, a charter was granted to fir Jofeph 
Herne and others, merchants of London, who were thereby 
incorporated as a company for the purpofes of refining and 
purifying copper ores. 

This company ft ill exifts, and is now commonly called the 
Ei^lilh Copper Company. 

The Mines Royal Company, which had been incorporated 
near 100 years before tliis time, appear originally to have 
defigned to apply their refources to the opening and work- 
ing mines in various parts of the kingdom, and they had 
grants for fearching for copper among other metals, although 
it does not appear that any important difooverjr of this metal 
took place in confequence of their exertions, nor is mining 
one of thofe purfuits which is ever likely to flourifti in the 
hands of large companies. 

In 1694, a copper coinage of halfpence and farthings took 
place, and government paid at the rate of 18J. a pound for 
the copper, which was of Swedifti produce. 

In 1717, a further coinage took place, to the amount of 
700 tons of Englifti copper, for w'hich government paid at 
the rate of i^^a. ^r pound, or 147/. per ton. 

In 1702, the firlt brafs work in England was erefted near 
Briftol, which has continued to this time, but with great 
additions and improvements. Many other copper and brafs 
houfes have been fince ere^ied in this country, and by that 
fpirit, energy, and enterprize, for which the people of it 
are fo diftinguifhcd above all others, the moft valuable 
branches of the copper and brafs trade have been eftabliftied 
in England, which had before been altogether, and for ages, 
carried on in Germany and Holland. 

For the firft twenty or thirty years of the laft century, 
and always before, moll of the copper and brafs utenfils 
for culinary and other purpofes of this country were im- 
ported from Hamburgh and Holland, procured from the 
manufa£lories immemorially eftablifhed at Nuremberg and 
various other parts »f Germany ; even brafs pans for the 
purpofes of the dairies of our country could not be pro- 
cured but of the German make. 

So iare as 1745, * 75 ®» copper tea-kettles, 

fauce^ans, and pots of all lizes were imported here in large 
quantities from Hamburgh and Holland ; but through the 
perfevering induftry, capitals, and enterprifing fpirit of our 
miners ana manufaflurers, thefe imports became totally un- 
neceffary, being all made here, and hr better than any other 
country could produce* 

During all this time the price of copper will be found to 
have been as high as it has been in the laft three or four 
4 H % 
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years, i8o8» i8o9> i8io» and i8xj» notwithftanding the 
great difference in the value of mone]^, and coofequent ad* 
eance of price on materials ufed in miningt and of the wages 
of labour employed therein. 

It appears above that government paid for copper ufed in 
their coinages in the year 1694 at the rate of 18J. a poundy 
or ]68/. a ton for metal the produce of Sweden; and in 
1717, they were fupplied with Englifh copper at tlie rate of 
ft pound, or 147/. a ton. 

' The redudion here fpecified in value may fairly be ac- 
counted for by the incrcafing produce of the Englifh mines, 
and accordingly the price went on to lower nearly in propor- 
tion to the quantity which was thus brought into the market. 

In the year 1720 copper was fold for about 130/. a ton, and 
declined towards the year 1772 to the price of 100/. a ton. 

About the year 1773, n^w copper mines being difcovered 
in Derbyfhire and W^es, and frefh fupplies of fine copper 
coming from thence to market in competition with the 
Comim copper, the price of it fell gradually until 1781. 
In this year the Eaft India company firft paid fo little as 79/. 
a ton for cake copper. This great reduaion was owing to 
a warm conteff which took place between the owners of the 
Comifh mines and thofe of the Paris Mountain mine in An* 
glefea, which had become amazingly produ6tive, and fo as 
to alarm the fears of the former; 

Arrangements were afterwards made between the parties 
principally concerned in the mines of thefe two diflri^ls, 
by which the price was fomewhat advanced, but did not 
exceed at any time 84/. a ton, and continued at nearly the 
fame rate until the year 1791. 

By this time England, inilead of depending upon foreign 
mines for a fupply of copper, had become one' of the pnn- 
cipal fources from which the world at large was furnifhed 
with this ufeful metal. 

Accordingly, in the year 1791 we find that the exports 
of different articles in which copper either formed the whole 
or the principal ingredient, amounted to a very confiderable 
branch of trade, and that thefe articles went in large quan- 
tities to thofe very countries upon which England had for- 
merly depended for a fupply. Among thefe may be noticed 
HoUand, Germany, and even Sweden itfelf. 

The total exports were, in 1791, 

Toru. C. qn. lbs. £ s. d. 

Wrought copper 3082 3 3 11 value 358,844 9 1 

Brafsandplatedgoods 2324 2 o xi 209,769 8 9 


5406 5 3 23 568,613 17 10 

Comparing this with the produce of copper in Cornwall 
in the year 1775, ms above quoted from Dr. Pryce, which 
was only 2650 tons, and allowing for what might be brought 
to market from Anglefea, we may, in fome meafure, judge of 
the increafe in the quantity of metal from the Corntfii mines 
in this period of fixteen years, even under the difeouraging 
circumfiance of great competition and reduced prices. 

Befides this vaft export, a new fource of conlumption for 
copper had in the^ mean time arifen at home in the ufe of 
It very extenfively in Iheathing and faftening ihips, and this 
alone woultf require confiderable quantities. 

The demand having apparently kept pace with the quan- 
tity brought to xnanset, the queftion will naturally be 
miked, how it happened that the price continued to lall, or 
mt kaff to remain mt a rate fo much under what it brought 
xoo years before? Though the anfwer to this queftion 
muft include other confi<kratk>n8 than thofe connected with 
mere mining, it may be proper to go a little ojit of our way 
to anfwer n, particularly ^ it relates to the mines of Com. 
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wall, which were at one time threatened ahnoft with ruin# 
from the value of their produce not bearing any proportion 
to the increafe in their expences, from the diminilhed value 
of money, and the rapidly accumulating charges occurring 
from the mat depths to which moft of me produAive mines 
were by this time worked. 

The reafon, then, of the price of copper not bearing m 
proportion to the coft of procuring it, and the demand of 
the article, appears to have been limply this. Neither the 
miners nor the great confumers of the copper were fmelters 
ef the ore ; but this bufinefs was in the hands of a very few 
companies, employing immenfe capitals in their works, who 
thus had the power of managing the market, and of pre- 
venting that falutary competition, which alone can regulate 
fairly the due courfe of trade. 

The principal fmelters, by a contract which had been en- 
tered into improvidencly with them by the majority of the 
miners, had poffeffed themfelves of the greater part of the 
copper ores of the county of Cornwall at a fixed price ; and 
this price being found inadequate to meet the increafmg 
charges of woming the mines, difeontents arofe, which 
fpread among the labouring miners, who feared the lofs of 
their employ by the ruin of the mines, which was antici- 
pated. Many of the proprietors, or adventurers as they 
are ufually called, who were not perfonally parties to the 
contradi, refufed to be bound by the a£b of their co-adven- 
turers, and confiderable confufion enfued. 

The fmall proportion of the ores, not included in the 
contra^, continued to go to public fale, where the price 
was advancing; but thefe fales were attended by a few 
fmelting companies only who had not joined the others, until 
the following circumftance occurred, which materially con- 
tributed to open a free market to the miner for the fale of 
his ores, upon a plan that enfures a fair and equitable price, 
according to the demand, as far as is polTible, where the num- 
ber, of buyers muff be neceffarily fmall. 

Many of the principal manufadturers of Birmingham, 
who were large confumers of copper, had obferved the dif- 
ference between the price of the metal in the ore paid to the 
miner, and the price at which they bought it when fmelted. 
They faw no other reafon for the intervention of a third 
party between the miner and confumer, but -the capital ne- 
ceffary for the ere£tion of fmelting works ; and this being 
eafily raifed by fhares, a company was formed under the name 
of the Birmingham Mining and Copper Company : their 
objeft being to encourage the produftion of copper, by ad- 
venturing in the mines, as well as to procure it for their 
manufadure, by purchafing and fmelting the ores. 

As foon as the company was effablimed, they propofed 
to revive the old mode of the fale of ores, which nad, owing 
to the contradl, nearly fallen into difufe, called a ticketing $ 
by which, on certain days, the ores of any number of mines* 
being previoufiy fampled and affayed, are offered for fale by 
tenders or tickets, produced by the agents of each fmelting 
company, and delivered to the chairman of the meeting 
which is held for the purpofe, who declares the offer of 
each, and the higheff the buyer. 

This revival of the ticketings was effe£led by the Bir- 
mingham company joining the fmall number of fmelting 
companies who were not concerned in the contrail, and the 
competition was rendered complete* A new fpirit was in- 
fufed into the working mines, by an increafe of the price of 
their produce. Other fmelting companies were afterwards 
formed upon fimilar principles ; and the demand for copper 
advancing rapidly, wnile the quantity produced in Anglefeu 
and other parts of England klienedy the mines of Comwidl 
flouriflied in proportion. 
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The advance on copper began to be felt about 17929 
when It had attained the price of 100/. per ton ; and in a 
vepr few years after (i799)» reached 124/.: being 

ftilly however^ much lower than it was in the beginning w 
the 1 8th century. 

We may recollef^ that the quantity of copper raifed in 
Cornwalli in the year I 775 > about 2650 tons a-ycar: 
in 1789 it hadincreafed to about 3000 tons ; which increafe 
was progrelfivey as in the year 1797, according to the re- 
port laid before the houfe of commons, the quantity 
amounted to 5093 tons; and in tlic following year (1798), 
was 5427 tons. 

So that we fee in the period of about 70 years from 
1726, the annual qii?r«i!ty produced by this dillri£t had 
rifen from 730 to 5^:7 tons; and that the aggregate 
amount of an article, valuable as a raw material, allfording, 
after it palTes from the hands of the miner, the means of fub- 
fiftence and profit to thoufands, had rifen from the fum of 
aoout 600,000/. a*year. Even this great increafe 
of produce was far exceeded in the courfe of the next eight or 
nine years, when, as we (hall fee heareafter, half as much 
more was added to the quantity, and more than that pro- 
portion to the value. 

Early in the year 1799 the Birmingham manufacturers, 
finding the price of copper rapidly increafine, began to be 
alarmed lell a diminution of their trade (houYd be the con- 
fequciice, and having apparently overlooked the plain rule 
of commerce, that, without unfair reftraint, demand muft 
govern price, applied to government to impofe prohibitions 
on the export, and other regulations, which would have 
amounted in effeCl to the fixing a maximum on the price, 
and confequently a ruinous reflraint on a valuable fource of 
national wealth, and laudable enterprife and exertion. It 
may be julUy wondered at, that any miniftry fhoutd have 
liftened to fuch a propofal ; but great as were the boafled 
talents of the then premier, he appears to have been led to 
the w«rm fupport of it, by the narrow confideration which 
was held out to him, of fupplying the navy with copper 
at a fomewhat lower price; not looking forward to the 
probability that any ftep which might ruin tfie Bntifh 
copper mines, mufi eventually make the Britifh nary ue- 
pendent on other countries for this eftential article of equip- 
ment. 
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The contefi that enfued between the miners and the manu- 
facturers produced many curious documents, which were 
laid before the committee of th<t houfe of commons ap- 
pointed to invefligate the fubjeCt, and from which we are 
now enabled to llate particulars of the mines of Cornwall^ 
more exaClly than could have been obtained, had not fuch 
an occafion called them forth. 

The matter came fully before parliament, the good fenfe 
of which defeated the impolitic wifhes of the propofers of 
the reflriCtions, and left a miniftry unaccuftomed to defeat 
in a minority on the queftion. 

That the predidlions of the manufacturers were groundlefs 
may be inferred from what took place afterwards ; the price 
of copper advanced 50 per cent, in the next feven years, and 
the Birmingham trade, notwithftanding, increafed in adivity 
and confequence. The high price ftimulatcd the enterprife 
of the miner, until an over-fupply began to operate ; and in 
the laft few years, this, together with the unfortunate ftate 
of foreign trade, has again reduced the price of copper, fo 
as once more to endanger the exiftence of a great proportion 
of the copper mines. 

From the documents before alluded to, we find that, in 
February 1 799, there were in Cornwall then working fixty 
copper mines, which were divided into clafTes, to (hew 
their relative conditions. The accounts are made up for 
the fix months jpreceding the ftatement. 

Clafs I. Includes the old deep mines, which produced in 
the fix months more than half of all the copper raifed in 
Cornwall. 

2. Includes ths profitable mines, which produced about 
three-eighths of the copper. 

3. The new mines which were carrying on in the hopes 
of their improvement, and the greater number of which, in 
fa£l, had not begun to yield any ore. 

The rcfult of the ftatement is as follows, in which it is to 
be obierved that the value of the ores is accounted for, after 
dedu^fiiiig the proportion paid to the owner of the foil, and 
the) Lxorc does not exhibit an account of all that was raifed. 
The firft column of lofs refers to the money funk in the fix 
nionclis for which the account is taken ; and the laft co- 
lumn of uiirecovered lofs includes all the money laid out 
from the commencement of each mine, which had not been 
paid off by adequate returns. 


State of the Copper Mi les of Cornwall for fix Months, to the end of February 1799. 


Quantity of I Total of Lof. . Unrecoveted 

^ ^ An.ount of the worKing the Profit on employed in » r. 

fane Copper. on others. Lofs. 

ions. C. 4. lbs., £ s. d. £ x. d. £ x. </.; £ j. d» £ x* d, £ u iL 

blafs I.-— In- 1 j 

dd^in^ dwjf ^ 10:116,209 1 6] 3153 o 3 

mines - j 

:iafs 2. — Se- ) _ . 

ven profitable V 1083 12 2 24I 86,377 15 3 49,311 ii 1 37,066 4 2 


mines 


J 


4240 7 II 102,489 o o 
66,813 o o 


Clafs 3. — For- 
ty-three new 
mines, of 

which thir- 141 17 i 13 * 4 > 5*7 ^3 3 3*>®^3 5 
teen only had 
begun to raife 
any ores - 


17,295 12 6 16,267 o o\ 


69,181 2 10 

5483 17 a 


90,124 16 8 


2613 13 2 2(216,017 2 4 li 97»333 4 i 4 o>a *9 4 5 \^h 5 S^ o 5 l*® 5 >S 69 ^ oli 64 » 78 & 16 8 
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By tliU ftatemeot we fee» that the total profit of the fix 
>inoDthi, in all the mines, exceeded the lofs by the fum of 
18,683/. fr. od,t and in the lofs is included a confiderable 
amount, which it does not feem dear (hould have'been placed 
there, vn. the fumsexpended on the new mines in the period, 
as this may more properly be called an inveftment of capital 
with a view to future expeded profit. 

The unrecovered lofs it fubjea to the fame remark, though 
it it ufual to reckon in mining the expenditure as lofs until 
the profits have repaid it. The capital, however, which 
means the value of flock upon the mines, ought to be de- 
duced from this unrecovered lofs ; and if this be done, and 
a fair allowance be made for the value of fuch new mines as 
anight have been fuppofed likely to become profitable, the 
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account givet no unfavourable impreffion of the general re* 
fult at that time. 

Another obfervation may be made on this account 
•which feems neceflary, as it does not appear on the 
face of it. Credit is only given for the |dventarers' part 
of copper ores ; but feveral of thefe mines returned tin as 
well as copper, of which no account is taken, and which 
mud, in au probability, have inrreafed the profits of the fix 
months, if dated. 

I'he next table (hews the general receipts and difburfe* 
ments on the copper mines of Cornwall for feven years, end* 
ing the Jill December, 1798, which cannot be deemed fo 
favourable as the former, which related to the latter part of 
this fame period. 


General State of the Copper Mines of Cornwall for Seven Years, ending the 3id of December, 1798. 


■ 

Adventurera’ 
Amount of Ores. 

Labour. 

Materials. 

Total Cod. 

Profit. 

Lofs. 


£ t . d. 

£ t. d. 

£ s. d. 

£ u d. 

£ d. 

£ /. d. 

1793 

379,331 15 10 

150,824 12 3 

91,361 6 4 

351,865 19 II 

27,465 15 n 


1793 

383,853 12 II 

1 761333 2 7 

110,122 15 2 

294,226 15 0 


10,373 2 2 

»794 

*9.3»853 *0 ” 

179,187 15 5 

111,093 19 II 

294*775 >9 5 


923 8 6 

1795 

305,330 6 9 

189,713 10 I 

111,640 2 3 

3> 2.047 7 5 


6727 0 8 

1796 

348,836 13 u 

301,995 18 6 

105,935 12 1 

324,897 18 4 

23*938 H 7 


1797 

320,606 15 9 

189,821 15 n 

109,000 7 3 

309,060 14 10 

11,546 0 II 

1 

1798 

405,488 15 9 

253»6oi la 3 

146,253 16 3 

408,248 7 II 


2759 T2 2 


2^2371291 10 10 

‘*34»»+78 7 0 

785405 *9 3 



20,782 3 5 


N. B.— The columns of labour and materials, added together, do not make up the total cod, becaufe the accounts fent 
from fome mines do not didinguifh the amount of labour from materials ; and, therefore, could be no otherwile arranged 
than by being carried at once to the column of total cod. 


The average annual cod of working the copper mines of 
Cornwall for tWs period appears to have been 313,589/. 
Out of this fum the labour appears to have cod about 
197,640/., and the materials employed about 1 15,950/. The 
proportion of the one to the other being nearly as 5 to 3. 

The great amount of the latter may be attributed to the 
great depth of many of tlie mines, whereby the charge for 
coals for the deam-engines, and the wear and tear in the 
fhafts of cordage and o*her articles, is prodigioully increafed. 

If, taking the amount of labour at the above fum, we allow 
40/. as the annual earnings of each man employed, which is 
nearly the ufual proportion, we (hall find it would (hew 
that there are about 5000 men employed. But as a certain 
proportion belongs to the boys working under ground, and 
the women and children who drefs the ores on the furface, 
who altogether are paid after a much lower rate, the whole 
Aumber of hands, including .men, women, and children, may 


not, at this period, perhaps be over-rated at from 6 to 
7000. 

In order to (hew the refpeflive date of each mine at this 
time, we infert the following table, which exhibits the name 
of each, with the particulars of their expenditure and re- 
turns, as far at lead as copper is concerned ; for, as was re* 
marked before, no notice is taken of the tin produced from 
any of them. 

We take the year 1798, the lad of the feven years to 
which the datemeot given above refers to. 

Such is the fluduation of concerns of this fort, tliat at 
the prefent time, 1813, very few of thofe which appear 
at the head of the following lid as mod important in con- 
fcqucnce and produce, are now working to much extent, 
while others, which either then lay negledled, or in which 
difeoveriss had not been made, have fucceeded to fupply 
their places. 
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State of the Copper Mines in Cornwall for the Year I798« 


Mines. 


Adventurers' 
Amount of Ores 



Materials. I Total Coft. Profit. 



North Downs 
United Mines 
Confolidated Mines 
Herland 

Stray Park and! 

‘ Wheal Goiia j 
Poldice 
Wheal Unity 
Crcnver and Oat - 1 
field - j 
Wheal Treafury - 
Cook's Kitchen - 
Wheal Rock 
Tin Croft 
Trefavean 
Prince George - 
Camberne Vean - 
Wheal Jewel 
Pednandrea 
Wheal Fortune - 
Wheal Gorland - 
Wheal Providence 
Wheal Hope 
Scorrier 

Cherry Garden - 
Wheal Sufan 
Wheal Squire 
Eaft Wheal Spar - 1 
non - 3 

Drollas Downs. - 
Wheal Captain - 
Creegbraws 
Weft Wl. Unity - 
Wheal Penrofe - 
Wheal Treraayne 
Wheal St. Aubyn 
Rofe Lobby 
Heart’s Eale 
Bofprowail 
Druid 

Wheal Fanny 
New Rofleeir 
Polgine 

Wheal Chriftoe - 
Wheal Drim 
Dopps 
Nannies 
Weil Downs 
Wheal Abraham - 
Weft Good Succefs 
Whitefield 
Wheal Pink 
Penftruthell 
Wheal Damfel - 
Wheal Quick - 
North Good Succefs 


52,388 14 6 
36,194 8 4 

35,613 II 10 
29,233 10 9 

12,125 *0 

6993 19 9 

4 L 330 « 7 


£ r, d. 

33 » 35 o 2 I 
20,196 o 3 
21,547 4 2 

16,922 2 o 

6660 I I o 

4945 *9 3 
10,851 2 5 


19,429 14 7 9392 10 2 

19,978 4 10 20,050 18 8 

18,098 5 4 16,102 2 4 

995 19 7 5 6 

35,242 17 I 15,233 10 2 

7609 29 5437 I 9 

12,538 16 5 9045 3 5 


19,978 4 10 
18,098 5 4 

995 19 7 
35 * 24 * 17 I 

7609 2 9 

12,538 16 5 
6456 17 3 

19,035 18 2 
5078 7 10 
20,767 o 3 
9032 o 8 
257 8 o 

102 14 6 
22 13 9 

1407 8 9 


1075 14 7 

643 9 9 

77 3 10 


10,710 6 8 
10,587 16 8 
9450 18 7 

3975 17 o 

400 3 6 

509 10 6 
321 3 o 
1956 13 o 

356 6 3 
1847 5 n 


108 6 8 
127 14 5 

53 *9 
270 7 8 
273 >3 ® 
1413 I 0 
421 12 4 
640 16 4 
1106 9 3 

43 7 10 

241 12 7 

71 3 7 
612 210 

1618 II 5 
156 12 2 
418 3 6 


195 II 2 
373 H 5 
121 17 7 537 9 5 

8105 


1377 ” 3 
17 18 II 

475 19 3 


15 10 o 


18,890 19 9 
20,241 19 3 
I -',877 14 o 
13,789 II 6 

3182 13 o 

5^>77 3 I 
13,510 17 10 

10,016 9 II 

5541 4 2 

34 < 5 ^ *3 7 
417 10 4 
6105 4 3 
3069 2 3 

1068 4 o 

53^1 3 3 

72vS7 9 1 

2560 13 10 

1893 19 5 

247 9 6 

103 14 7 

56 II II 
1465 I 8 


52,241 X 10 147 

40,437 19 6 

32,424 18 2 3188 

30,711 13 6 

9843 40 2282 

10,623 2 4 

24,362 o 3 16,968 8 

19,409 01 20 

25,592 2 10 
^9>57o 15 II 
1950 15 10 
2 i> 33 ^ 14 5 ^3*904 


147 12 8 
3188 13 8 


2282 6 10 


41 19 2 


1054 7 i 154 6 


12 0 2 

2 19 O 

*5 I 3 
13^ 9 5 
4 19 10 

398 5 2 

264 5 I 

4^*8 19 6 

1280 I 2 


31 9 10 

i8 18 o 
187 13 2 

815 18 5 

34 7 9 
198 5 4 

33 18 7 
loi 16 5 
204 13 2 
167 


8506 4 o 
10,113 7 5 
2885 I 2 
16,021 9 II 

17.875 5 9 

12,011 12 5 

5869 16 5 

252 7 4 

647 13 o 
613 5 1 

377 >4 '» 

3421 14 8 


45 10 5 401 16 8 


2425 9 o 
3571 16 I 
30J4 8 3 

8755 7 lO 

31C2 4 3 



£ t . i . 


4243 ” 2 

1478 2 9 


3629 2 7^ 


5613 18 O 
1472 10 7 
954 i <5 3 

897 I 3 


12,796 17 11 


647 13 o 
510 10 7 
355 I 2 

2014 5 II 

820 3 7 
401 16 8 

813 10 6 
974 6 10 
1132 I II 
83 19 9 
120 6 10 


Carried over 393*738 19 6 241,203 12 o 139,250 5 i $87,509 4 5 57 * 44 ^ 4 9 5L2i6 9 8 
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Minn. 

Adventuren’ 
Amount of Ore*. 

Labour. 

Materials. 

Total Coft. 

Profit. 

Loft. 


£ 


d. 

£ 

/. 

d. 

d 


d. 

£ 

X. 

d. 

£ 

Xf 

d. 

£ 

X. 

d. 

Broujght ever 
WhcilBounty - 

393*738 


6 

241,203 

122 

12 

9 

0 

10 

139,250 

61 

5 

11 

I 

4 

387,509 

184 

4 

I 

5 

a 

57*^<» 

4 

9 

51,216 

184 

9 

t 

8 

2 

Wbod Rachel . 




125 

6 

5 

20 

1 

9 

*43 

8 

2 




>43 

8 

2 

Wheal Royal 









66 

16 

I 




66 

16 

X 

Wheal Clinton - 




60 

2 

0 

38 

9 

8 

98 

11 

8 




98 

11 

6 

Tolcarne 

641 

6 

1 

1248 

0 

9 

53* 

12 

4 

1780 

>3 

1 




»39 

7 

0 

Weft Tolcarne - 

>3 

4 

8 

98 

3 

2 

*4 

*3 

8 

X22 

16 

10 




109 

12 

2 

Wheal Union 



t02 

14 

0 

20 

10 

6 

123 

4 

6 





4 

6 

Eaft Wheal Vogue 




7* 

>5 

4 

17 

3 

0 

88 

18 

4 




88 

18 

4 

Wheal Spiofter - 




36 

2 

6 

4 

5 

4 

40 

7 

10 




40 

7 

10 

Trelkerby 




III 

8 

4 

*4 

16 

3 

126 

4 

7 




126 

4 

7 

Cardrew 

30 

a 

6 

212 

2 

0 

*3 

H 

0 

235 

16 

0 




205 

>3 

6 

Wheal Leeds 

39 

6 

4 

430 

>9 

9 

447 

11 

s 

878 

11 

2 




839 

4 

10 

Trencthick Wood 






685 

6 

5 ' 




685 

6 

5 

Wheal Muttral - 

639 

9 

8 

641 

17 

8 

18 

2 

II 

660 

0 

7 




20 

10 

I'l 

Trelkow 

749J 

H 

8 

3375 

>9 

8 

2576 

18 

10 

7952 

18 

6 




457 

3 

10 

Penberthy Crofts 
Wheal Kayle - 

281 

a 

9 

1912 

0 

6 

686 

8 

3 

2598 

8 

9 




*3>7 

6 

0 




135 

17 

3 




>35 

>7 

3 




>35 

>7 

3 

Ead Wheal Park 




345 

5 

6 

160 

6 

0 

505 

II 

6 




505 

II 

6 

Wheal Ruth 



1 

1 

136 

9 

5 




136 

9 

5 




136 

9 

5 

Wheal Carpenter 









53 

1 

II 




53 

I 

11 

Wheal Chance - 










226 

>4 

0 




226 

>4 

0 

Wed Wheal Jewel 
Wheal Bog, orcl 

1551 

»7 

s\ 

1243 

6 

2 

2356 

5 

II 

3599 

12 

I 




2047 

>4 

8 

and materials V 
fold J 

1057 

12 

2 







295 

>3 

7 

761 18 

7 





405,488 15 

9 

253,611 

12 

3 

146,253 

16 

3 

408,248 

7 

10 

58,208 

3 

4 

60,967 

>5 

5 


About this period a part of the county of Devon began 
to attraft notice as a mining diftridt although it might 
rather feem to belong to Cornwalli if a divifion had been 
made between the counties by a line that an obferver of 
the geology would have chalked out* rather than by the 
arbitrary limit of a river. The mines of Devon may, there- 
fore, fairly be ranked as a branch of the great mineral 
country aajoining, as their features are nearly auke, the pro- 
du£ts very fimilar, and ttie fyllem of working derived from 
Cornwall. A fpace of no inconfiderable extent indeed is to 
be found lying between the weftern and mod conMerable 
mines in Cornwall and thofe on its eadem limits, which in- 
tervening tra£t is comparatively unproduAive in mineral 
treafures. 

The tin mines of Devon liave been before alluded to, and 
we have feen that they had gradually declined into inGgni- 
ficance. Copper had now been found, and purfued with 
fome fuccefs, and though the quantity was not very great 
at this period, it foon led to greater exertion, which in turn 
was repaid by the difeovery of new mines and an enlarged 
return of valuable produce. 

It is probable that before 1800 the mines of Devon, 
which are modly lituate within a few miles of the town of 
Tavidock, did not yield more in zny one year than about 
100 tons of fine copper, and even this was a very recent 
difeovery ; we (hall now fee that they went on, together 
with thofe of Cornwall, augmenting in iiuport^uce. 


From 1798 to 1804, the produce of the Cornilh mines 
appears to have continued pretty fieadily at about 5500 tons 
of fine copper a-year ; while the Devon mines in the fame 
period increafed their returns very* rapidly, which had reach- 
ed, about this time, to about 300 tons of fine copper 
a-year. 

The price of the metal we mentioned to have been, in 
1799, about 124/. a ton, and until 1804 a gradual in- 
creaie was experienced, although the fupply was at lead 
fomewhat larger. In the following year, however, owing 
to the flouriming date of the export trade, the yalue of 
copper rofe very rapidly, and reached the unprecedented 
pnee of 180/. a ton to the miner. The conlequences of 
this were foon felt, and, by the exertion produced by this 
dimulus, the returns of the Cornilh and Devon mines 
reached to more than 7000 tons of fine copper, fetching, 
at the fird hand, the fum of i>a6o,ooo/. 

From this time to the prefent, the value of copper has ex- 
perienced violent and rapid fludiiations, beitig, at one time, 
at half the price of the year 1805 ; and as this has proved 
a caufe of great embarraifment and lofs to the adventurers 
in the mines, fo it has tended to reduce again the quantity 
of copper raifed. 

The year or two following 1805 were, as might be ex- 
pend, even more produ£iive than that in which the price 
attained its highed pitch, for the exertions it caufed ope- 
rated long after the price began to decline. 
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Tl» following Table exhibits a Statement of the Quantity of Copper Ores and Fine Copper produced by the Mines of 
Cortiwall and Devon during the laft four Years, taken up to the End of June in each Year, and the Value calculated 
according to the Average SUndard, or Miner’s Price of the Metal. 



iSo8 Cornwall - 
Devon - 


1 809 Cornwall - 
Devon - . 


1810 Cornwall - 
Devon - - 


1811 Cornwall • 
Devon - . 


Copper Ores. 



77iif9 a I 


72,058 12 2 
3210 o o 


76,5*5 >4 3 
3713 o o 


80, *38 14 3 


70,059 o I 
5540 o o 


73»579 o * 


Fine Copper* 


Toni. CHt. qfi. lbs. 
7118 5 I 17 

569 10 O O 


7487 15 I 17 


6972 17 o 34 

365 I 5 o 


751^8 13 3 7337 18 3 24 


•6651 18 2 5 

354 IS o o 


5948 7 O 32 

333 13 O O 


6372 O O 32 


Average Standard 

Ar Ton. deduaing Chargea of 
^ Smelting. 



781,348 16 


873,784 


969,376 19 o 


767>379 


We have now brought the hiftory of the copper mines 
up to the prefent period, and we have found what has 
been done in one di(lri6l in the fpace of about 100 years 
after the difeovery of the metal. We may obferve, that 
in the beginning of the 18th century the annual produce 
pf the mines confided of about 65*00 tons of ore, and 700 
tons of fine copper, yielding to the miners, whbf from their 
ignorance of the fubje61, did not then receive from the fmelu 
era a price for their ores adequate to the value of the 
metal they contained, no more than 45,000/. a^year* And 
we have found this produce increafed, at the early' part of 
the prefent century, to* the annual quantity of near 80,000 
tons of ore, yielding more than 7000 tuns of fine copper, 
worth to the miners an annual fum little (hort of 1,000,000/. 

The copper mines now. working in Cornwall ind Devon 
may be known from the following lift, which contains fuch 
onlv as are more or lefs productive, and does not include 
fuch as make no returns, out may, notwithftaodiiig, be pro- 
fecuting with a view to future difeovery, many of wnich 
kind were ftated in the former account ot the imnes work- 
ing in Cornwall in 1 798- 

By referring to that ftatement, we (hall find the productive 
mines to be forty in number, and the unproductive to amount 
to thirty -fix. 

The following lift will be found to contain fixty-one 
produ^ve mines, with the quantity of ores eftimated from 
the account of Mes at the ticketsngs, where the computed 
weight of each parcel of ore is ftatd, and the exad f uan- 
tity determined after the fale has taken place. 

ItispoiSble that fome few mines may exift wluch do not 
appear in this lift, and which fell their ores by private con- 
traA, but they are not important. 

We fubjoin to the lift the Devon mines, with their quan* 
iities of ore, taking account, as in Comvndl, of fuch omy as 
areproduAive 1 and the whole is made up to the end of X>e- 
uemW 181 1. 


A lift of Copper Mines, with the Quantities of Ore offered for 

Sale at the Ticketings from each, in the Year 181 1. 

In the county of Cornwall there are 61 mines. 

Nsmet of the Mines. Tons of Ore. 

Wheal Alfred . 

Dolcoath 
Wheal Unity 
Wheal Abraham 
Poldice 
Wheal Damfel 
Gunnis Lake 
Weft Wheal Fortune 
Wheal Towan 
Wheal Fanny 
Crennia 
Oatficid 
Trclkirby 
Wheal Gorland 
Cook’s Kitchen 
Crenver 
Tin Croft 
North Downs 
Wheal Friendftup 
WhealJewel - 

Wheal Virgin 
Saint George - 

United Mioea 
Weft Wheal Virgin 
Wheal Fortune - 
Wheal Quick 
Camborne Vean 
Wheal Chance 
Wheal Spinftcr • 

Carried over 6 $t 656 
















512 


MINING 


Brought over 

63,636 

Wheal Neptune 

- 

- 

539 

Wheal Gons 

- 

- 

44.3 

Godolphin 

- 

- 

411 

Creegbraws 

- 

- 


Trefavean 

- 



Nangiles 

- 


266 

Botallack 



244 

Penberthy Crofts 



212 

Wheal aintoii 

- 


7 cg 

Cbaccwater 

• 


204 

Wheal BafTctt 

- 


204 

Wheal Dolphin 

- 


183 

Wheal Druid 

- 


*77 

United Hills - 

• 


*77 

Benner Downs 

- 


*75 

Wheal Maid 

- 


* 5 * 

Wheal Strawberry 

- 


148 

Union 

- 


146 

Wheal Mafic 



*45 

Wheal Sparnon 
Wheal Maudlin 

- 


97 

• 


9 J 

Wheal Margaret - 

- 


90 

Wheal Lufhington 

- 


81 

Unanimity 

- 


49 

Wheal Squire 

- 


4 ir 

Reliftian 

- 


4 * 

Wheal Spearn 

Wheal Mary 



20 

• 


20 

Trenowith 

• 


18 

Wheal Freedom 

• 

• 

16 

Rofkear 

• 


10 

Rofewarne 

- 


7 

county of Devon feven Mines. 



Wheal Friendfliip 

- 

- 

1109 

Wheal Crebor (Tavifiock Canal) 

1308 

’Wheal Crowndalc 

- 

• 

863 

Eaft Crowndale 

- 

- 

9*3 

Ding Dong 

- 

- 

250 

Wheal Hope 

- 

- 

6 

Wheal Huckworthy 

- 

- 

10 


68,886 


4*452 

Tons 73 338 

Hence it will appoari that the copper mines have of late 
been declining in tneir produce, which it to be referred to the 
general ftate of trade rendcrinsr the price of the metal un- 
equal to the charge of producing it. 

The prefcot vslue of copper, as was obferved in a former 
part ^ this article, is as low as it was too years ago, and we 
mav account for the pofiibility of this happening without 
abiolute ruin to the mines, by the facilities which the 
reflat improvements in all the various operations of mining 
ave given for leflening manual labour and confe^uent 
expraee. 

^is very improvement has, however, contributed to a 
more rapid eahauftion of the ores, and thougii difeovery has 
hitherto in this diftrid kept pace with the gradual waftc, 
yet it is im^ffible not to forefee that as the country is even 
now very fully explored, a time muft arrive when the quantity 
of metal produced will grow lefs, and the price in confe- 
quence miift advance. 

This period we conceive is not fo diflant as feme may 
iidhgiAe, but it is a fubjeft not eafily reduced to any very 
probahfe calcidatiofl* 


The hiftory of the mining of a particular diftri£k wouhf 
naturally lead to an intereftmg enquiry on this fubieft, and 
to the difcuilion on the probability of a future and continu- 
ing fupply of the metais which the bowels of the eartli 
have hitherto yielded fo abundantly. As this queftion re- 
gards one country, it may be aifumed that the fupply mu (I 
have its limits ; as it regards the whole world, it b^omea 
difHcult even to conceive what extent or number of depolits 
of metal may exifl. 

That certain di(lri£ts may become exhaufted is more tha>i 
probable, but others now unexplored by the hand of man 
may be found. New powers, as far furpafhng thofe of the 
fteam engine as they did all former ones, may give the means 
of penetrating the earth to depths now unattainable, and 
veins may hereafter be followed to fituations which are for- 
bidden at prefent by the value of their produce or the want 
of fujfiTicient exertion* 

The ftores which the earth yields from its bowels arc un- 
like thofe which its furface produces $ the former are limited 
and are not renewed, the latter are conftantly produced by 
the encouraging hand of induftry. The one are gradually cx- 
hauding, and ^em to demand frugality in their expenditure, 
the other grow and increafe in proportion to our care and 
exertion. 

The refult of a gradual exhauftion of mines now exifting 
feems likely to be this ; at firfl the price of metals will in- 
creafe in proportion to their fcarcity, this advance in value 
will lead to a greater produce by new efforts even in the dif- 
tri^ts which are cxhaulling, and after thefe begin again to 
fail, which they will do more rapidly from the increafed ex-' 
hauftion, new diftridts will be fought after, and perhaps 
uncultivated countries even become peopled by the want of 
what is now become fo ncceffary to human life. 

The variation in thefe affairs may at fome time make ma- 
terial changes in the date of civilization, a pofition which 
will not be denied by thofe w'ho duly condder the effefts that 
the dores of coal and metal have had on the profperity of 
Britain. 

Mining Procejfes^ according to the prafticc of the mi- 
neral dittrid^s of Cornwall and Devon. 

The means purfued for the difeovery of veins containing 
metal, and the appearances which ferve as indications of the 
probable quantity w'hicb may be found in them, are treated 
of in a former article. Sec Lode. 

The works which follow the difeovery are at firft but 
iimple and limited, but they increafe afterwards 20 propor- 
tion as the profpefts of future fuccefs become more certain ; 
or, en the contrary, they are difeontinued when the trid 
offers but little encouragement to proceed with the ad- 
venture. 

By a reference to the article above quoted, it will be un- 
derdood how the depodts of metal are ufually fituated in 
th^ veins ; and as the miner’s obje^ in his firft operations 
is to get at fome (hoot or bunch of ore as quickly as poili- 
ble, and to open as much of the lode as he conveniently can, 
the moft promifing part on the furface is chofen for the com- 
mencement of a Jhaftt which ti either funk upon the vein fo 
as to follow its dip or underlay, or otherwife is carried down 
perpendicularly from fome fpot on the (ide to w'hich it dips, 
ib as to interfed it at a given depth, and then is ufually calkd 
an underlayer* 

As water is commonly foon met with in fuch quantities as 
to impede the workmen, means for removing it ftiuft be pro- 
vided, and it fpeedily becomes neceffary to take fteps for 
this puipofe, Where the elevation of the ground will admit 
of an or water-level being made, this is ufually firft had 
recourfe to, particularly when it may be obtained by driving 



MINING 

« moderate dtftance, or when it can be purfued on the courfe 
of the lodei and fo ferve the double purpofe of a drun and 
a level tor trying the appnrancei of the vein. 

When the' (haft becontes deeper than the adit, or indeed 
when the latter cannot well be had, machinery to draw out 
the water it ereded and employed, fuch at fteam.enginet, or 
overihot water-wheelt where ftreamt to drive them can be 
obtained : in both cafet thefe enginet are employed to work 
pumpt to raife the water. 

Aa foon at a (haft it funk fufficiently deep, and it becomes 
defirable to purfue the lode horizontally, it it ftopped for a 
time, and a level it commenced on each Ade of it, and this 
it ufually continued in two oppoGte dire£tiont upon the 
courfe of the vein. The ends of thit level being driven out 
of the way of the (haft, finking may again be undertaken, 
and continued until it it deemed proper to drive another 
level ; and thus a lucceflion of thefe galleries or drifts are 
opened under each other, and the vein is divided into parallel 
portiout, which are left to be worked for the ore contained 
therein, and which portions are called backs. 

New openings to the furface from thefe levels are after- 
wards made by finking more (hafts at proper diftances, and 
communications from one level to another are formed by 
finking a kind of fmall underground (haft, called a winze, 
probably becaufe the only machine employed in tlwir execu- 
tion for hauling the ftu(F it the common windlafs, which, in 
Cornwall, hat generally the fame abbreviated or corrupt 

appellation. . . 

When a mine it put into this ftate, and any quantity of ore 
difeovered, proper engines provided with fufficient power 
to admit the conftant deepening of the mine by kwping the 
bottom of the engine (haft, called theyiiw^, dry, fo as to be 
regularly finking : when the ventilation it completed by pro- 
per meant for that purpofe, and machines conllruaed for 
hauling up the ores and wafte to the furface called 
a mine, in the technical language of Cornwall, is uid to be 
in due courfe of working. 

The agents who attend daily to the wotka are ^led rqp- 

tams; they contrad with the different claifes of tWDei% and 
direa the operations, under the orders either of the prttcipal 
adventurers, or a manager appointed by them. 

The (hafts and levels are kept regularly finking and dnv. 
inc to lead to further difeovery, or to open more of tlw lode 
for working, and the parU of the vein or lode left betwcCT 
the paffages thus made are worked away, where tte W will 
pay the expence of fo doing, by men, who contra^ for this 
Work within certain Umits, being paid a proportion « the 
hie when merchantable, which is called ntniute, and whi^ 
varies with the degrees of facility wth which the oKcan 
procured, either from the different ftates of nchnefs of the 
lode, or the hardnefs or foftnelsof the rock which muff be 

broken to obtain it. . . a i. 

The ore is ufually conveyed in wheelbarrows through the 

levels under wundbv boys to the nwreff 

raifed in buckets or Ubks to the furface. Ihcfe kibbles 

are wound up by the whims, which are turned either by 

KorfeSo Iteams or water. . ^ 

In preparing the ores for fmelting, a 
is employed, which require the labour of many bands » 
SiefcSre carried on upon the furface. and chiefly by. women 
and children. The objea bemg 
both the ftony and fparry wafte, and the mundte or other 

tifislcla metallic mixtures wkh whiA rt » 

derable (kill is required, from the different fpecific gravtties 
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of the mrious fubltances, which render it impullible by mere 
waihing to feparate the ores entirely from the different mix- 
tures which accompany it. 

To drefs ore properly^ it is eflential that the whole fhould 
fird be brought into fuch a ftate of divifiong that the dif- 
ferent parts may be feparated by waffling or lifting : and> 
thereforcp the richer the ftate in which the whole is raifed from 
under groundp the lefs the labour required in breaking or 
ftamping. The better jparts of the ore are broken to. a 
proper uze for fmelting, either by flat haromers, or, as is now 
ufual in the mines in Devon, by iron cylinders driven by 
water. For the coarfer parts much more labour is required 
in ftamping, fifting, and wafhings the particubr detail of 
which wilibe found under the article Ore. 

The ftamping-mills, and other apparatus for drefling the 
ores, are ufually fixed as near the mouths of the fliafts on the 
furface as poluble, confidently with the power of leading 
dreams of water to them. And plots, or Jloors, are prepared 
near them for receiving the merchantable ores until they are 
fold to the fmelting companies. 

The management of thefe procefles is ufuallv confided to 
a dr^er or grafs captain^ who regulates the wfiole, the ex- 
pence being borne by the men who raife the ore on tribute, 
who take their proportion of the value according to the 
amount of the fales, and, therefore, pay every previous 
charge. 

The erections on the furface of a mine comprize, befidea 
fleam or water-engines, whims, ftamping-rniils, and fbeds on 
the drefling floors, a fuitable counting-houfe for the cap- 
tains and clerks, where the people are paid monthly, and the 
bargains or contrads made by a kind of public auAion. A 
forge, or blackfmith's fhop, accommodated to the extent 
of the mine, where men arc generally at work by night 
as well as by day, to (harpen tools as well as to make or 
repair the iron-work of the different engines. A carpen- 
ter's fhop, or timber-kou/ey for work of that defeription, which 
is always going on to a confiderable extent. 

From the account given in the Hiflory of Mining, and 
the datement of the difburfements and returns there exhibited 
of all the concerns of that defeription in Cornwall and De«* 
von, it may be feen bow extenfive fome of them are in that 
refped. It may further be here obfsrved that great depth 
has been attained in many of the older ones s in Dolcoath, 
which we believe is rather the deeped, the lowed part it 
fome what more than 220 fathoms from the furface. Some 
individual mines in Cornwall employ near 1000 perfonsiand 
have feveral fteam-engines working tor the different purpofet 
of pumping the water and railing the ore. In the county 
of Devon, dreams of water bein? at hand, large over-fhot 
wheels are employed for working the pumps, and feveral have 
,been ere^ed of late years equal in power to the larger fteam- 
engines. Within a very late period, the fame economical 
means have been applied in a very ingenious manner to the 
winding up the ores frdm under ground, which, from the 
crookednefs of the (hafts of c^per' mines, was a work of 
^more difficulty than might at flrd appear. 

We propofe to give more detailed aepounts of the pro* 
ceffes of breaking, raifing, and drefling the Orejy under the 
article bearing that title % and (hall describe the operations 
of finking (hafts and driving the levels from them under the 
head of Shaft. The pump-work of mines, and the meant 
for ventilating drifts, will bes^reated. of in their proper 
places. 
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MOLOSSES, Molasses, or Melqffes, that grofs, yet 
fluid matter remaining of fugar, after refining, and which 
no boiling will bring to a confidence more folia tihat of 
fyrup ; hence alfo called fyrup of fugav. 

In the manufa^ure of fugar in the Weft Indi^tf, the mo- 
lofleB, not improperly called the treacle of fugar, it obtained 
by the following procefs. The curing-houfe, whidb is a 
large airy building, is provided with a capacious moloffes 
ciftern, the Tides of which are flopcd and lined with tarras or 
boards. Over this ciftern there is a frame of malTy ioift work 
without boarding. On the joifts of this frame empty hogfheads 
without headings are ranged. In the bottoms thefe 
hogfheads eight or ten holes are bored, through each of which 
the ftalk of a plantain leaf is thruft, fix or eight inches below 
the joifts, and which is loi)g enough to ftand upright above 
the top of the hogfhead. Into uiefe hogfheads, the mafs 
from tne cooler is put, which is called potting ; and the mo- 
lofTes drains through the fpongy ftalk and drops into the 
ciftern, from whicn it is occafionally taken for dillillation. 
For other particulars, fee the article Sugar ; and parti- 
cularly the method of r/uying fugar. 

The term moloffes has been ufed to denote the fediment of 
one kind of fugar called chypre^ or brown fugar, which is 
the refufe of o5ier fugars not to be whitened, or reduced 
into loaves. { See Sugar. ) Moloffes have been much ufed 
in Holland among poor people, for the preparation of to- 
bacco, and alfa inftead of fugar. 

Molosses, ArtifUid* There, has been found a method of 
makin g moloifes from apples, without the addition of fugar. 
The apple that fucceeds heft in this operation is the fummer- 
fweeting of a middle fize, pleafant to the tafte, and fo full 


of juice, that feven bufhels will yield a barrel of cyder. 
The manner of making it is this : the apples are to be ground 
and prelTed, then the juice is to be boiled in a large copper 
till three quarters of it be evaporated : this will be done with 
a moderate fire in 'about fix hours, with the quantity of juice 
above mentioned ; bv this time it will be of the confiftence 
and tafte as well as the colour of moloffes. 

This new moloffes ferves to all the purpofes of the common 
kind, and is of great life in preferving cyder. Two quarts 
of it put into a barrel of racked cyder, will preferve it, and 
give it an agreeable cclour. 

The invention ot this kind of moloffes was owing to Mr. 
Chandler, of Woodftock, in New England, who living at 
a diftance from the fea, and where the common moloffes w^as 
very dear and fcarce, provided this for the fupply of his own 
family, and foon made the pradice general among the people 
of the neighbourhood. It is to be obferved, that this fort 
of apple, the fweeting, js of great uf‘e in making cyder, one 
of the very heft kinds we know being made of it. The peo- 
ple in New England alfo feed their hogs with the fallings of 
their orchards of thele apples \ and the corifequence of thU 
is, that their pork is the fineft in the world. « Phil. Tranf 
374. p. 230. 

Molosses Spirit^ a very clean and pure fpirit, much ufed 
in England, and made from moloffes or cornman treacle dif- 
folved in water, and fermented in the fame manner as malt or 
the common n dlt-fpint. If fome particular art is not ufed 
in the making of tMs, it will not prove fo vinous as the malt- 
fpirit, but mure fiat and lefs pungent anducid, though other- 
wife much cleaner tailed, as its effential oil is of a^fs nau- 
feous flavour. Whence if good frefh wine leys, abounding 
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in tartari be duly fermented in the folution made thin for that 
purpofcy the fpirit will by that means become much more 
▼inouB and briik, and approach more to the nature of the fo- 
reign fpirits. 

After the firft diililling of moloiTes fpirits from the waih 
into low winesy it is to be re6itfiedy and in the fucceeding 
redifications proper additions are to be made. Alkaline 
falts, fo common in the redltfying of the malt-fpiritSy ipuft be 
avoided in this cafe, as not at all fuiting this fpirity and the 
neutral ones only mud be ufedy fuch as fandiver* common 
decrepitated fait, fal enixum Paracelfi, and the like ; but upon 
the whole nothing fo confiderable is to be expeAed from 
thefe falts, as from a careful re£ii6catign in balneo Marise, 
without any other admixture ; by this alone repeated tvro 
or three times with freih water each time, the fpirit will at 
once be made fit for the niced ufes. 

Where the moloiTes fpirit is brought to the common proof- 
ftreng^h, if it be found not to have efiough of the vinofity in 
it, it will be very proper to add to rt fome good fpititus 
nitri dulcis ; and if the fpirit be clean worked, it may by this 
addition alone be made to pafs on ordinary judgments for 
French brandy. 

When newly didilled, this fpirit, like all others, is colour- 
lefs, and limpid as water ; but our didillers always give it 
the fame fort of yelbw tinge, which the foreign joints are 
found to obtain from the cafks in which they are lent over. 
They have many ways of giving this colour extenmore ; 
but the two mod in ufe are, eit&r by an extraft of oak- 
wood, or by burnt fugar. 

MoloiTes fpiritbeing occafionaily dearer than that of malt, 
it is frequently met with bafely adulterated with a mixture of 
that fpirit, and indeed feldom is to be bought without fome 
daih of it. Many have a way of mixing malt in the fer- 
menting liquor ; by this the yield of the v^ole is greatly in- 
creafed, and the maker may aflure the buyer that the fpirit 
is pure as it ran from the worm. 

£ngland is the principal place where this fpirit is made at 
this time : it was at one time prepared in great quantities 
in France, efpeciaUy on the river Loire $ but it has been 
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forbidden there under a fevere penalty. In Holland alfo 
they have it not, on account of the high duty laid upon 
treacle in favour of their own fugar-bakers. 

We meet with very little of molofles fpirit reduced to the 
drength nf alcohol or fpirit of wine, though, when fedified 
to this Hate in a proper manner, it is very little inferior to 
the real alcohol of wine, the name of which is fo well known 
mong us, though the thing itfelf is perhaps never feen here. 
All that we calf fpirit of wine being no other than malt fpirit 
reduced to an imperfcA alcohol, or a fpirit almod totally in- 
flammable. ' 

Great quantities of molofies fpirit are ufed in the adulte- 
rating of brandy, runs, and arrack ; and great quantities are 
ufed alone in the making of cherry-brandy and other drams 
by infufion, in all which many prefer it even to the foreinn 
fpirits. ® 

In mod of the nice cafes in our compound dillillery, the 
moloffes fpirit fupplies the place of a pure and clean malt- 
fpirit, which we have not yet the way 6f producing in the 
large way to advantage. Our cinnamon, citron, and other 
fine corthid waters, are made with it ; for the malt fpirit 
would give thefe a very difagreeable flavour. 

There is alfo another ufe to which this fpirit ferves ex- 
tremely well, and in which even a foreign fpirit that has any 
remarkable flavour will not do fo well j this is the making 
of the extemporaneous wine, which fome people are fo fond 
of. See Extem^aneous Wine. 

It gives a yellow dain to the hands, or other fubdances 
may therefore be of ufe in dyeing. It is 
pollible alfo, that the vinegar-makers may -find ufe for it in 
L ^ advantageous of all its ufes is to 

me didiller himfelf, a quantity of it added to new treacle 
intended for fermentation will be of great ufe in the procefs, 
and increafe very confiderably the quantity of fpirit ; but the 
proportion in r^rd to the new matter mud not be too 
great. Shaw's Effay on Didillery . 

TTr^A method of extracting fpirits from molofles in the 
Wed Indies, fee the article Rum, 




